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Abstract
A Neogene contourite depositional system was identified and mapped along
the DeSoto Slope in the northeastern Gulf of Mexico, U.S.A. A series of drift
deposits comprising the larger contourite depositional system were
interpreted from a 2-D industry seismic data set. The now subsurface drift
deposits are adjacent to the anomalous seabed feature, the DeSoto Canyon,
and these data suggest contourite deposition and ocean currents are in
integral part of the canyon’s depositional history. The contourite depositional
system is underlain by an extensive, middle Miocene aged, erosional
unconformity formed by ocean currents. The timing of this erosional surface
is in alignment with the widely accepted premise that the Miocene
represented a transitional period in Gulf of Mexico basin circulation. The
discovery of this contourite depositional system adds to an established list of
Miocene-aged features pointing to the onset of enhanced Loop Current
circulation in the Neogene Gulf of Mexico.

x

1. Introduction
The research presented here proposes that, beginning in the middle
Miocene, ocean currents, predominately the paleo-Loop Current, formed a
contourite depositional system on the DeSoto Slope. The DeSoto Slope,
located in the northeastern Gulf of Mexico (Figure 1), is bounded to the west
by the upper Mississippi Fan and to east by the Florida Escarpment
(Bergantino, 1971). Also, the most prominent physiographic feature of the
DeSoto Slope, the DeSoto Canyon, is interpreted to have been formed by
ocean currents and contourite deposition. This interpretation is based on
multi-channel seismic data (Figure 2) from the DeSoto Slope, as well as
published borehole and hydrographic data from the region.

The importance of ocean currents and along-slope deposition in the
development of the northeastern Gulf of Mexico margin is underrepresented
in the literature. However evidence for the significance of the ancestral Loop
Current on Gulf of Mexico geology has been established (e.g. Mullins et al.
(1987); Gardulski et al. (1991); Snedden et al. (2012)).

1

Figure 1. General location of the study area, northeastern Gulf of Mexico, U.S.A. High-resolution bathymetry by NOAA,
Okeanos Explorer EX1202 Leg1. (Inset map) modified from IBCCA (International Bathymetric Chart of the Caribbean Sea and
the Gulf of Mexico) source-https://www.ngdc.noaa.gov/mgg/ibcca/images/final_gom.pdf.

The interpretation put forward here was crafted with an emphasis on
oceanographic processes and the influence of ocean gateways on Gulf of
Mexico circulation. Also, most prior interpretations of the modern DeSoto
Canyon are dated and based on data that were limited in extent and/or
quality. As such, the interpretation forwarded here contrasts with previous
ideas about the nature of deposition along the DeSoto Slope and the
formation of DeSoto Canyon.

2

Figure 2. Multi-channel seismic record depicting elements of the DCDS, i.e., underlying erosional unconformity, low
amplitude and transparent seismic facies interpreted as drift deposits, moat/channel features indicative of contourite
deposition, and along-slope transition to chaotic seismic facies representing a down-slope depositional environmentchannel-levee system (position shown in Fig.1) TWTT in seconds.

1.1 Background Information
Previous work along the DeSoto Slope has centered on its most
distinguishing feature, the DeSoto Canyon. One notable exception is
Sylvester et al. (2012) which examines the stratigraphy of submarine
channel complexes and their linkages to shelf-edge deltas. These features,
i.e., Einstein and Fuji Channels and Dorsey and Sounder Canyons, are
Quaternary in age and bear little resemblance to the DeSoto Canyon (Figure
1). The DeSoto Canyon has been a ―prominent‖ physiographic feature of the
northeast Gulf of Mexico from the Late Cretaceous through the present
(Mitchum, 1978; Corso et al., 1989). The DeSoto Canyon lies approximately
100 km south of Pensacola, Florida, in the Gulf of Mexico (Figure 1). The
3

Canyon is located near
the intersection of the
north-south oriented
Florida Platform and the
east-west oriented
shoreline of the northern
Gulf Coast (Harbison,
1967). The DeSoto Slope
and Canyon have served

Figure 3. Original hydrographic chart depicting the bathymetry of DeSoto
Canyon and its S-like shape, reproduced from Jordan (1951). Depths are in
meters.

as a quasi-border between terrigenous deposition from the north and the
carbonate systems to the east and south (Mitchum, 1978; Bryant et al.,
1991). Furthermore, the DeSoto Canyon is positioned at a transformation
point in the morphology of the Cretaceous carbonate platform margin.
Northwest of DeSoto Canyon the margin has experienced a combination of
aggradation and progradation that resulted in a gentle ramp-type margin.
Southeast of DeSoto Canyon the margin has experienced largely aggradation
resulting in the steeply dipping Florida escarpment (Corso et al., 1989). The
DeSoto Canyon has a complex history of deposition and erosion. Mitchum
(1978) pointed out the significance of the DeSoto Canyon, stating, ―The
DeSoto Canyon area is of special interest because it has been an area of
non-deposition and some sediment erosion since the Late Cretaceous‖ (p.
213).
4

A review of the relevant literature reveals conflicting and at times confusing
interpretations regarding the origin and nature of DeSoto Canyon. The first
detailed bathymetric maps of the DeSoto Canyon (Figure 3.) were by Jordan
(1951). These were followed by the first subsurface geologic information
(sparker profiles) and insight into the possible origin of DeSoto Canyon in
Harbison (1967). In this early publication on DeSoto Canyon its ambiguous
nature is alluded to, as Harbison (1967) describes it as, ―a curious S-shaped
canyon‖ and, ―Unlike most submarine canyons, DeSoto Canyon has a
comparatively gentle gradient, is S-shaped, and has a closed bathymetric
low in the southern part‖ (p. 5175). Harbison (1967) was also the first to
identify and map salt diapirs around DeSoto Canyon, something he thought
partially controlled the canyon’s ―curious‖ shape.

Mitchum (1978) revisited the DeSoto Canyon area with improved seismic
data quality and coverage, and the benefit of age/lithology control from
wells. Mitchum (1978) raised the idea that the DeSoto Canyon may have
originated from the Suwannee Strait (Figure 4). The Suwannee Strait was a
structural low that traversed what is now northern Florida/southern Georgia
and separated northern terrigenous deposition from carbonate production on
the Florida platform during the Cretaceous (Hull, 1962). Despite postulating
a non-traditional submarine canyon origin, Mitchum attributes typical canyon
5

behavior to the more recent DeSoto Canyon. The early Pleistocene canyon is
―well defined‖ in these data and Mitchum (1978) concluded that it, ―…must
have been an important avenue for gravity transport of sediments westward
across the slope.‖ And that, ―… [DeSoto Canyon] was very active as a
sediment carrier during the early Pleistocene.‖ The present-day canyon was
reported to be much less active with only a minor role in sediment transport
(Mitchum, 1978).

More recent work continued this trend of uncertainty regarding the nature of
DeSoto Canyon. Bryant et al. (1991) referred to DeSoto Canyon as a ―classic
submarine canyon‖ akin to the Mississippi Canyon, in contrast to the
Alaminos, Rio Perdido, and Keathley Canyons that are tied to salt
deformation (p. 21). However, Harbison (1967) documented salt
deformation within DeSoto Canyon and referenced salt diapirs as factors in
the canyon’s morphology. Bryant et al. (1991) also described DeSoto
Canyon as simply an ―erosional valley‖ (p.20).

6

Figure 4. (Left) approximate position of the Suwannee Strait given in McKinney (1984) where the DeSoto Canyon is located
1
within the footprint of the strait. (Right) Position for the Suwannee Strait given in Denne and Blanchard (2013) , where the
canyon is interpreted to not have been formed by or within the footprint of the Suwannee Strait.

Coleman et al. (1991) labeled the DeSoto Canyon a reentrant, defined as an
indentation or depression in terrain. The authors opine further on the
matter, explaining that ―This large reentrant [DeSoto Canyon] is not a true
submarine canyon, but is formed at the point where the Tertiary clastic
sediments lap against the carbonate facies of the northeastern Gulf‖ (p.
337).

In the Galloway (2008), a comprehensive account of deposition in the Gulf of
Mexico, the DeSoto Canyon appears in a figure depicting ―principal
submarine canyons‖, suggesting the DeSoto Canyon is not unlike other
canyons in the Gulf (p. 543). The National Oceanic and Atmospheric
Administration’s (NOAA) 2012 DeSoto Canyon Mapping Mission Summary
1

Permission granted from the editor. See Appendix 3.
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clearly acknowledges the uncertainty surrounding the DeSoto Canyon,
stating that, ―The origin and distinct shape of the canyon has been debated
to be a result of the presence of salt domes, erosion, and deposition due to
bottom currents, and subsurface structure of possibly a salt ridge,‖ citing the
earlier work of Harbison (1967).

Denne and Blanchard (2013) provide a completely new interpretation of
Desoto Canyon’s origins. The authors attribute the formation of the ancestral
DeSoto Canyon to the Chicxulub impact event. They contend the bolide
impact at the Cretaceous/Paleogene boundary generated a seismic event
that triggered collapse along the Florida Escarpment leading to the formation
of the DeSoto Canyon (Denne and Blanchard, 2013). The authors also
diminish the likelihood that the Suwannee Channel and Current (Figure 4,
right) played a significant role in forming the DeSoto Canyon, in contrast to
Mitchum (1978).

1.2 Current and Future Significance of Work
Ambiguity and disagreement in the literature regarding the origin and nature
of DeSoto Canyon are evident. However, the scope of this research goes
beyond investigating this seafloor feature. The Miocene depositional history
of the Gulf of Mexico is important to industry and academic researchers
alike. The Miocene epoch is significant from an energy resource standpoint.
8

Middle Miocene sediment units are among the most productive hydrocarbon
reservoirs in the Gulf of Mexico (Combellas-Bigott and Galloway, 2006). The
specific region covered in this study, the DeSoto Slope (Figure 1), is
particularly interesting given that it sits between the untapped gas reserves
of the Destin Dome and the many production wells located offshore the
Mississippi Delta. The Miocene deposits of the DeSoto Slope region may
attain greater relevance in the future given that, according to Gordon et al.
(2001), the DeSoto Canyon and adjacent areas, ―…comprise one of the few
remaining frontier exploration regions in North America‖ (p. 396) Currently
there is no published work suggesting the presence of a middle Miocene
contourite depositional system on the DeSoto Slope. Studies of Miocene
deposition in the Gulf of Mexico region are also of interest to paleo and
geologic oceanographers because of key tectonic developments and changes
to oceanic circulation that occurred during the Neogene (Gartner et al.,
1983; Mullins et al., 1987; Keller et al., 1989; Woodruff and Savin, 1989;
Duque-Caro, 1990; Droxler et al., 1998).

Recent attention has been focused on the DeSoto Canyon region given its
proximity to the Macondo 252 wellhead. The possible role of the DeSoto
Canyon providing a conduit for up-slope transport of material from the deep
Gulf onto the shelf is one question. Physical oceanographic studies indicate
the modern DeSoto Canyon is an area of up-welling and the site of energetic
9

currents capable of moving waters from the deep Gulf onto the shelf (Huh et
al., 1981; Gilbes et al., 1996; Li and Weisberg, 1999; He and Weisberg,
2003). The results presented here also demonstrate a pivotal role for ocean
currents shaping both depositional and erosional features of the DeSoto
Slope.
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2. Data and Methods
2.1 Seismic Data and Interpretation
Seismic interpretation was conducted on a high quality 2-D multi-channel
seismic data set. The data set was obtained from the Bureau of Ocean
Energy Management (BOEM), formerly the Minerals Management Service
(MMS), a component of the Department of the Interior. The data were
initially acquired as part of the MAFLA M84-35 permitting process and were
made public during the 2009 Seismic Information Release. Spectrum Geo
Inc. acquired and processed the data. All seismic data was recorded in
standard SEGY (.sgy) format.

11

Figure 5. Coverage map of 2-D seismic reflection data utilized in this study. Particular emphasis was given to the area
bordered by the black rectangle (DeSoto Slope and Canyon). Bathymetry of DeSoto Canyon was provided by NOAA, Okeanos
Explorer EX1202 Leg1.

The seismic data set (Figure 5) is comprised of 96 survey lines totaling over
9,700 linear km. The survey lines were arranged in an orthogonal grid
covering over 30,000 sq. km. Transects were spaced at about 6,600 m,
except in the vicinity of DeSoto Canyon where the line spacing was reduced
to about 3,500 m. Record lengths are in excess of 6 seconds two-way travel
time (TWTT), providing information into the geologic past well beyond the
scope of this work.
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The seismic (.sgy) and navigation (.sp1, .segP1) data files were loaded into
IHS Kingdom® software. IHS Kingdom® represents the state-of-the-art in
interpretation software and is the accepted industry standard amongst the
world’s major oil and geophysical survey companies. Digitization of all
seismic horizons was carried out using this program. This task is simplified in
IHS Kingdom® through linkages between all the individual seismic lines. Line
crossings are clearly marked in the seismic profiles, as are the positions of
horizons digitized on intersecting tie lines. The gridding and contouring
applications within IHS Kingdom® were used to create isopachs and timesurface structure maps from the seismic data.

Seismic velocities used for plotting wells and isopach mapping were taken
from Addy and Buffler (1984). Measurements are composite interval
velocities calculated from RMS velocities near Exxon Well #3. The velocities
are reported in intervals corresponding to the seismic horizons interpreted in
Mitchum (1978). Middle to late Miocene sediment velocities are 1925 m/s
and post Miocene sediment velocities are 1750 m/s. A Flex Gridding
algorithm was employed in all gridding procedures and a medium smoothing
filter was applied.

Three sources of age control were employed in this research. Control was
established by comparison with the seismic interpretation and age dating
13

provided in Mitchum (1978). Validation of age constraint was obtained using
well data reported in Aubry (1993). Well E66-73A is located in 770 m of
water and approximately 370 m northwest of Seismic Line 8577 (Figure 6).
Well E66-73A penetrated ≈305 m with deepest sediments encountered
dated as middle Miocene. Excellent age correlation was achieved using the
velocities of Addy and Buffler (1984) and Kingdom’s well plotting and timedepth charting function. This confirmed the age of the horizon interpreted as
a middle Miocene unconformity marking the initiation of the DCDS. Lastly,
log data (gamma ray) tied to seismic horizons along the DeSoto Slope
presented in Denne and Blanchard (2013) delineated lower, middle, and
upper Miocene boundaries. The position of the DCDS is confirmed to be upsection from the lower Miocene boundary and falls within the seismic units
dated as middle Miocene to Pliocene.

14

Figure 6. Well E66-73A shown here, is reported to have intersected middle Miocene sediments at it deepest point of
penetration. Using the data from this well reported in Aubry (1993) and velocities from Addy and Buffler (1984) the well is
seen to nearly intersect with the horizon interpreted to be a middle Miocene unconformity (light blue). The position of the
well and seismic line are given in the inset map. The drift deposits of the DCDS are labeled in red. TWTT is given in seconds.

The seismic profiles were interpreted using the principles of seismic
stratigraphy (Sheriff, 1980), sequence stratigraphy (Vail, 1987; Posamentier
and Vail, 1988) and contourite deep-water sequence stratigraphy
(Brackenridge et al., 2011). Interpreted sections and line drawings were
produced from IHS Kingdom® software.

15

2.2 Bathymetry Data and Interpretation
Bathymetry data obtained from NOAA (Figure 8) and the U.S. Geological
Survey (USGS, Figure 7) were used to interpret conditions and processes
shaping the modern seabed and the morphology of the DeSoto Slope and
Canyon. The NOAA and USGS bathymetric data sets were loaded into Global
Mapper™ GIS software. This software is capable of projecting bathymetric
data in a geo-referenced, shaded contour format to facilitate interpretation
and quantification of seafloor morphology. Precise measurements of seafloor
features (to the limit of the data resolution) can be made in all three
dimensions. Profiles can be generated at any angle across the bathymetric
data resulting in 2-D vertical sections depicting angle and slope of the
seafloor. Bathymetric data were also loaded into IHS Kingdom® to assist in
the interpretation of seismic profiles.

From 2000 to 2002 the USGS in cooperation with the University of New
Hampshire and the University of New Brunswick conducted bathymetric
surveys on the northeast continental shelf of the Gulf of Mexico. A
Kongsberg EM3000 and a Simrad EM1000 Multi-beam echosounder (MBES)
were used to acquire high-resolution bathymetry and calibrated acoustic
backscatter.

16

Figure 7. USGS Multibeam bathymetry of shelf-edge deltas in the vicinity of DeSoto Canyon, NE Gulf of Mexico.

These data (Figure 7) were processed (by others) to remove spurious depth
and position readings. The data were gridded and transformed (by others)
into ArcInfo GRID format to produce Digital Terrain Models (DTMs) of 8 m
cell size. Positional accuracy (X,Y) is +/- 0.5 m and depth (Z) accuracy is
0.5% of water depth (Simrad EM1000) and 5 cm RMS regardless of depth
(Kongsberg EM3000). The raw data and data products are available online
as part of Open-File Report OF03-007 at: http://geopubs.wr.usgs.gov/openfile/of03-007/.

Official Data Citation: United States Geological Survey, Coastal and Marine
Geology (CMG), chief, 2002, Multibeam Mapping of the Mid and Outer Shelf,
head of De Soto Canyon, Northeastern Gulf of Mexico.
17

Over the course of five cruises in 2011 and 2012, the NOAA ship Okeanos
Explorer acquired high-resolution bathymetry in the northern Gulf of Mexico.
Specifically, the Okeanos Explorer EX1202 Leg 1 mission mapped the DeSoto
Canyon region using a Kongsberg EM 302 multi-beam echosounder (MBES).
The Kongsberg EM 302 MBES is a state-of-the-art sonar specifically designed
to work in deep-water conditions. The sonar operates at 30 kHz and is
mounted in the Mills Cross configuration. The bathymetric data from the
EX1202 Leg 1 mission was cleaned, gridded, and made into geo-references
images at 100 m and 20 m horizontal resolution depending on the
geographic extent of the data set (NOAA processing). These data products
and the full-resolution XYZ files are available at the NOAA National
Geophysical Data Center website. All processing was carried out by NOAA,
http://www.ngdc.noaa.gov/nndc/struts/results?op_0=eq&t=101378&s=8&d
=70&d=75&d=76&d=74&d=73&d=72&d=81&d=82&d=85&d=86&d=79&no
_data=suppress&v_0=NEW1654 .
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Figure 8. Bathymetry data acquired by NOAA's Okeanos Explorer in 2012 of the DeSoto Canyon Region, Gulf of Mexico.
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3. Results
3.1 The Desoto Canyon Contourite Depositional System
Four contourite units were identified and mapped along the DeSoto Slope
within the immediate vicinity of DeSoto Canyon located in the northeastern
Gulf of Mexico. Collectively, these four units comprise what is referred to
here as the DeSoto Contourite Depositional System (DCDS). This contourite
depositional system was not mapped or reported on prior to this research.
The presence of these contourites demonstrates the importance of alongslope deposition in the development of the DeSoto Slope.

The four units are estimated to have been deposited from the middle
Miocene through the Pliocene. The long axis of the DCDS is oriented slopeparallel at approximately 70⁰ and has a maximum thickness of
approximately 550 m. The DCDS is bounded to the north by an erosional
slope and partially to the south by a related erosional surface. The western
extent of DCDS is constrained in the data by the abrupt onset of a chaotic
seismic facies. Thus the original western boundary and overall size of the
DCDS cannot be determined in these seismic data. The eastern boundary of
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the DCDS is roughly defined by the physiographic feature commonly referred
to as the DeSoto Canyon.

The DCDS is bounded from beneath by an erosional unconformity. The
erosional surface, represented in the seismic data as a high-amplitude,
laterally continuous reflector, extends beyond the boundaries of the DCDS.
The unconformity is interpreted to be diachronous, i.e., of variable age
across its extent. Structural maps of this surface (Figure 9) created from
seismic data depict what is interpreted to be an erosional slope and adjacent
low. Strata beneath this surface display clear signs of erosion represented by
frequent truncation of seismic reflectors. High-amplitude reflection patterns
indicative of scour are also evident along this surface particularly in the
deeper parts of the trough. There is an abrupt change in overall seismic
reflector geometry across the unconformity (Figure 37). Stratigraphic units
beneath the unconformity depict prograding sediments and a down-slope
depositional environment. Immediately above this unconformity sediment
units exhibit a drift-type morphology and along-slope depositional style. The
deepest strata eroded along this surface appear to be early to middle
Miocene based on age dating presented in Denne and Blanchard (2013) and
Mitchum (1978).
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A slope map (Figure 10) was generated from the seismic horizon that
delineates the erosional surface underlying the DCDS. The results depict an
east-west trending erosional slope within the subsurface. This slope is
evident in the modern bathymetry west of the DCDS (Figures 12, 15, 18,
and 21). Slopes are steepest along this margin (≈10⁰) and around the
periphery of the salt domes common in the subsurface. Moderate slopes
(≈6⁰) exist along the north-south trending erosional feature, which
intersects with the aforementioned east-west slope. Slopes along these two
areas of the erosional low are sufficient to constrain the drift deposits.
Moving south along the contour trend slopes decrease below 2⁰. Here, drift
deposits are unconfined and are able to spread south in a more sheet-like
manner (Figure 11).

The drift deposits within the DCDS exhibit multiple drift-type morphologies
and do not fall neatly into a single category within the classification scheme
of Faugères et al (1999) and Rebesco and Stow (2001). The DCDS is best
described as having elements of three drift types (Figure A2 in Appendix 2).
The DCDS possesses characteristics of a confined drift, a separated drift and
an infilling drift. Perhaps, the most fitting classification of the DCDS would be
a confined drift with localized regions having characteristics of separated and
infilling drifts. The overall confined drift morphology of the DCDS is provided
by the underlying erosional trough and adjacent slope. Infilling drift
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characteristics are present within the DCDS along its northeast margin
where deposits terminate against the head of the erosional trough. Elements
of separated drift morphology, mainly pronounced moat features, are
present along the steeper slopes of the DCDS northern and southeastern
flanks (Figures 25-33).

Figure 9. Structural map of erosional surface interpreted to be a middle Miocene unconformity. This surface is interpreted to
be diachronous and may vary in age across its extent. Contours represent a crude estimate of depth below current mean sea-1
level (bulk velocity of 1500 ms ).
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Figure 10. Slope map generated from gridded surface of seismic horizon interpreted to represent a middle Miocene
unconformity. The steepest gradients are found along the west to east trending slope and the north-south erosional feature
that intersects it. Where slopes are steepest, the drift deposits are confined and display relatively clear boundaries. To the
south, slopes decrease and drift sediments spread laterally along the slope.
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Figure 11. Map depicting the boundaries of the 4 major contourite units comprising the DCDS (Drifts 1-4). The unit
boundaries are shown atop a structural contour map of the unconformity which underlies the DCDS and shapes the drift’s
boundaries. The boundaries of the drifts can be seen to spread south along slope where a gentler gradient exists. The
-1
contour map represents a crude estimate of depth beneath current mean sea-level (bulk velocity of 1500 ms 25 m interval).
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3.1.1 Drift 1

Figure 12. Map depicting the position of Drift 1 relative to the modern seabed. Data depicted are an isopach map of Drift 1,
thicknesses are given in meters.
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Figure 13. Top panel is an isopach map of Drift 1 and the position of the 2-D seismic data depicted in the lower panel. The
overall seismic line is represented by the faint line trending SW-NE, the blue box denotes the exact position of the data
shown in the lower panel. Bottom panel is seismic data depicting Drift 1 (yellow boundary) and the unconformity that lies
directly beneath this unit (lt. blue). TWTT is given in seconds.
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Figure 14. Top panel is an isopach map of Drift 1 and the position of the 2-D seismic data depicted in the lower panel. The
overall seismic line is represented by the faint line trending NW-SE, the blue box denotes the exact position of the data
shown in the lower panel. Bottom panel is seismic data depicting Drift 1 (yellow boundary) and the unconformity that lies
directly beneath this unit (lt. blue). Salt diapirism is evident in the record and has uplifted the erosional surface underlying
Drift 1. Deformed bedding and erosion are evident along the southern margin of the drift.
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Drift 1 (Figures 12-14) is the basal unit of the DCDS. Drift 1 is elongated
along-slope and displays an overall lenticular (lens-shaped) geometry where
sediments are thickest toward the center of the deposit and taper toward the
margins. The long axis of the main body of Drift 1 is oriented at
approximately 70⁰ and is approximately 44 km long. The maximum
thickness of Drift 1 is approximately 175 m at the eastern margin of the
drift. The base of Drift 1 lies immediately atop the erosional unconformity
that marks the onset of contourite deposition. Erosional truncation is evident
along the eastern flank of Drift 1 where it is adjacent to the modern-day
DeSoto Canyon in the subsurface (Figure 14). The northern margin of Drift 1
terminates along the east-west trending erosional slope. The western limit of
Drift 1 is marked by the onset of a very chaotic seismic facies where lateral
continuity in seismic horizons ends abruptly. The internal seismic character
of Drift 1 is mostly transparent or comprised of variable amplitude, laterally
discontinuous reflections (Figures 13 and 14 bottom panels).

Where the slope of the underlying erosional surface is greatest the
sediments of Drift 1 are restricted to the erosional low and exhibit confined
drift morphology. Along the southern margin of Drift 1 the underlying slope
is much gentler and a thin layer of sediments are present with a more sheetlike morphology. Drift 1 is largely confined to the erosional trough, the only
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exception coming at its southern margin where sediment deposition has
spread in a contour parallel manner to the south.
3.1.2 Drift 2

Figure 15. Map depicting the position of Drift 2 relative to the modern seabed. Data depicted are an isopach map of Drift 2,
thicknesses are given in meters.
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Figure 16. Top panel is an isopach map of Drift 2 and the position of the 2-D seismic data depicted in the lower panel. The
overall seismic line is represented by the faint line trending NW-SE, the blue box denotes the exact position of the data
shown in the lower panel. Bottom panel is seismic data depicting Drift 1 (yellow boundary) and Drift 2 (magenta boundary)
and the unconformity that lies directly beneath Drift 1 (lt. blue). TWTT is given in seconds.
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Figure 17. Top panel is an isopach map of Drift 2 and the position of the 2-D seismic data depicted in the lower panel. The
overall seismic line is represented by the faint line trending SW-NE, the blue box denotes the exact position of the data
shown in the lower panel. Bottom panel is seismic data depicting Drift 1 (yellow boundary) and Drift 2 (magenta boundary)
and the unconformity that lies directly beneath Drift 1 (lt. blue). The onset of a chaotic seismic facies is shown on the left
side of the section indicating gravity driven, down-slope deposition and erosion. This facies bounds the western extent of the
DCDS. TWTT is given in seconds.
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The main body of Drift 2 (Figures 15-17) is elongated along-slope and
displays an overall lenticular geometry where sediments are thickest toward
the center of the deposit and thin toward the margins. The long axis of the
main body of Drift 2 is oriented at approximately 57⁰ and is approximately
46 km long. The maximum thickness of Drift 2 is approximately 200 m. The
northern margin of Drift 2 terminates up-slope from Drift 1 along the same
east-west trending erosional slope. The eastern margin of Drift 2 terminates
in the subsurface adjacent to the modern-day DeSoto Canyon. Here, near
the DeSoto Canyon, Drift 2 exhibits erosional truncation or deformed
bedding (Figure 20). Similar to Drift 1, the western boundary of Drift 2 is
marked by the onset of a very chaotic seismic facies where lateral continuity
in seismic horizons ends abruptly. Drift 2 is underlain by the upper surface of
Drift 1. Drift 2 extends updip of Drift 1 along the east-west erosional slope,
reflecting the continuing infilling of the basin and upslope migration. The
internal seismic character of Drift 2 is variable across its breadth ranging
from transparency to parallel, moderately high amplitude reflectors.
Generally, the internal reflectors of Drift 2 are laterally discontinuous and
display variable amplitude across individual horizons (Figure 16, lower
panel). Drift 2 is restricted by the underlying erosional slope and trough
along it northern and eastern margins. Here the drift exhibits confined drifttype morphology.
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3.1.3 Drift 3

Figure 18. Map depicting the position of Drift 3 relative to the modern seabed. Data depicted are an isopach map of Drift 3,
thicknesses are given in meters.
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Figure 19. Top panel is an isopach map of Drift 3 and the position of the 2-D seismic data depicted in the lower panel. The
overall seismic line is represented by the faint line trending SW-NE, the blue box denotes the exact position of the data
shown in the lower panel. Bottom panel is seismic data depicting Drift 1 (yellow boundary), Drift 2 (magenta boundary), Drift
3 (dark blue boundary) and the unconformity that lies directly beneath Drift 1 (lt. blue). TWTT is given in seconds.
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Figure 20. Top panel is an isopach map of Drift 3 and the position of the 2-D seismic data depicted in the lower panel. The
overall seismic line is represented by the faint line trending NW-SE, the blue box denotes the exact position of the data
shown in the lower panel. Bottom panel is seismic data depicting Drift 1 (yellow boundary), Drift 2 (magenta boundary), Drift
3 (dark blue) boundary and the unconformity that lies directly beneath this unit (lt. blue). Deformation and erosion is evident
along the southern boundary of the various drifts (vicinity of DeSoto Canyon). TWTT is given in seconds.
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Drift 3 (Figures 18-20) is elongated along-slope and displays an overall
lenticular geometry. The long axis of the main body of Drift 3 is oriented at
approximately 56⁰ and is approximately 46 km long. The maximum
thickness of Drift 3 is approximately 190 m near its center. The northern
margin of Drift 3 terminates up-slope from Drifts 1 and 2 along the same
east-west trending erosional slope (Figure 11). The eastern of margin of
Drift 3 terminates in the subsurface adjacent to the modern-day DeSoto
Canyon and exhibits erosional truncation and deformed bedding in this area
(Figure 20). The internal seismic character of Drift 3 is made up of mostly
laterally continuous, parallel reflectors. Seismic amplitude is variable across
the surface of the internal seismic horizons ranging from low to moderate in
most cases (Figure 19). Drift 3 exhibits the most organized, coherent
(qualitatively) internal seismic facies with thin bedding across most of its
extent. Drift 3 exhibits confined drift morphology across it northeastern half
where it is contained within the erosional slope and adjacent low. To the
south, Drift 3 extends in an unconfined sheet-like manner similar to Drift 1.
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3.1.4 Drift 4

Figure 21. Map depicting the position of Drift 4 relative to the modern seabed. Data depicted are an isopach map of Drift 4,
thicknesses are given in meters.
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Figure 22. Top panel is an isopach map of Drift 4 and the position of the 2-D seismic data depicted in the lower panel. The
overall seismic line is represented by the faint line trending SW-NE, the blue box denotes the exact position of the data
shown in the lower panel. Bottom panel is seismic data depicting Drift 1 (yellow boundary), Drift 2 (magenta boundary), Drift
3 (dark blue boundary), Drift 4 (green boundary) and the unconformity that lies directly beneath Drift 1 (lt. blue). Drift 4 is
seen to “piggy-back” onto Drift 3, downlapping onto an erosional surface etched into the top of Drift 3. TWTT is given in
seconds.
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Figure 23. Top panel is an isopach map of Drift 4 and the position of the 2-D seismic data depicted in the lower panel. The
overall seismic line is represented by the faint line trending NW-SE, the blue box denotes the exact position of the data
shown in the lower panel. Bottom panel is seismic data depicting Drift 1 (yellow boundary), Drift 2 (magenta boundary), Drift
3 (dark blue boundary), Drift 4 (green boundary) and the unconformity that lies directly beneath Drift 1 (lt. blue). TWTT is
given in seconds.
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Drift 4 (Figures 21-23) is elongated along slope and possess a lenticular
geometry across most of its extent. The main body of Drift 4 is oriented at
approximately 75⁰. The maximum thickness of Drift 4 is approximately 105
m. Drift 4 is unique within the DCDS in that its margins are not largely
defined or constrained by the underlying east-west trending erosional slope.
The northern margin of Drift 4 terminates onto Drift 3 along an erosional
boundary which trends roughly east-west across the surface of Drift 3
(Figure 22). Along this margin (northern) Drift 4 has the appearance of
―piggy-backing‖ atop the southern half of Drift 3. The internal reflectors of
Drift 4 downlap onto Drift 3 in this region (Figure 22). The southern margin
of Drift 4 tapers into a pinch-out on the underlying Drift 3. The eastern
margin of Drift 4 terminates in an area of deformation and erosion which
coincides with the southern extent of the north-south run of the modern
DeSoto Canyon. The western margin of the Drift 4 is defined either by clear
erosional truncation or the onset of a very chaotic seismic facies. The
internal seismic character of Drift 4 is transparent or very low amplitude
across its base. The upper section of Drift 4 is characterized by moderate
amplitude, laterally continuous reflections.
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Figure 24. Map depicting the position of the various seismic lines presented throughout the text. Labels adjacent to the black
lines represent figure numbers in the text. The axis of the modern-day feature, the DeSoto Canyon is given by the sinuous
broken line. The faint, white dotted line represents the approximate location of the subsurface erosional slope depicted in
the various seismic lines. This is the slope which marks the northern boundary of the DCDS.

3.2 Features Diagnostic of Contourites (Moats and Channels)
Evidence of moat features, common along the margins of drift deposits, is
widespread in the seismic data (Figures 25-33). Moat features have been
identified in association with the east-west trending subsurface slope which
marks the northern boundary of many of the drifts comprising the DCDS.
The orientation of these moat features is more or less parallel to the slope
and in general alignment with the east-west run of the modern-day DeSoto
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Canyon (Figure 46). Migration of these moat features is depicted in the
seismic data (Figures 25 and 27) with multiple moat features positioned in
progressively up-slope positions. The various moat features depicted here do
not necessarily represent elements of the same contiguous erosional feature.
Contourite moats may migrate and be eroded and infilled at different time
intervals along a drift’s margin. Moats are a primary diagnostic tool for
identifying contourite depositional systems. Their presence is crucial in
seismic data for establishing if deposits are sediment drifts.

Figure 25. Multiple moat structures are depicted in the subsurface resulting from erosion/non-deposition along the
boundary between the slope and drift margins. A succession of moat features is depicted, the result of drift margins
migrating up slope as contourite deposition continues. Position of seismic section shown in Figure 24, TWTT is in seconds.
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Figure 26. Moat features and a more pronounced slope-parallel erosional channel are depicted in this seismic section. The
highlighted area points out the influence of salt diapirism along the DeSoto Slope, resulting in faulting and deformation.
Position of seismic section shown in Figure 24, TWTT is in seconds.
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Figure 27. A succession of moat features is depicted in these data, the result of drift margins migrating up slope as
contourite deposition continues. A larger slope-parallel channel/moat feature is also depicted. Position of seismic section
shown in Figure 24, TWTT is in seconds.

Figure 28. Moat structures and a larger slope-parallel channel/moat feature are depicted in these data. Position of seismic
section shown in Figure 24, TWTT is in seconds.
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Figure 29. Multiple moat structures are depicted in the subsurface resulting from erosion/non-deposition along the margin
of the subsurface erosional slope. Position of seismic section shown in Figure 24, TWTT is in seconds.

Moat and/or contourite channel features were also found to be associated
with the north-south run of the DeSoto Canyon (Figures 30-33). These
moat/channel features occur along the eastern and southeastern margins of
the drift deposits that make up the DCDS. The southeastern margin of the
DCDS (subsurface) was found to be in alignment with the north-south run of
the modern DeSoto Canyon. Reflection patterns ranging from disorganized
and wavy to fully chaotic typify the subsurface in the deepest (erosional
incision not bathymetric) region of DeSoto Canyon (Figure 30). Another key
indicator of contourite deposition, upslope migration of drift units, was also
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recognized in the seismic data (Figure 34). Also, a mounded geometry,
indicative of sediment drifts was evident in the 2-D seismic data and the
isopach maps.

Figure 30. Moat/channel features in the subsurface adjacent to DeSoto Canyon. Unconformity underlying the DCDS shown
in lt. blue, position of seismic section shown in Figure 24, TWTT is in seconds.
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Figure 31. Moat/channel features in the subsurface adjacent to DeSoto Canyon. Unconformity underlying the DCDS shown in
lt. blue, position of seismic section shown in Figure 24, TWTT is in seconds.

Figure 32. Moat/channel features in the subsurface adjacent to DeSoto Canyon. Unconformity underlying the DCDS shown in
lt. blue, position of seismic section shown in Figure 24, TWTT is in seconds.
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Figure 33. Moat/channel features in the subsurface adjacent to DeSoto Canyon. Unconformity underlying the DCDS shown in
lt. blue, position of seismic section shown in Figure 24, TWTT is in seconds.

Figure 34. Interpreted seismic section depicting the stacking pattern of the drift deposits which comprise the DCDS. Upslope
migration of the individual drifts, a key element in identifying sediment drifts in seismic data, is shown. Position of seismic
section shown in Figure 24, TWTT is in seconds.
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3.3 Data Limitations
The separation of the DCDS into four constituent units was based on seismic
data analysis, i.e., reflection terminations, seismic facies changes, and
characteristics of bounding reflectors. However, it is likely that each of the
four units is in reality a composite of multiple drifts. Minor units comprising
the major drifts were not detected or able to be interpreted due to the
spatial and/or temporal resolution of the seismic data set. Furthermore, the
DCDS may extend further up-section into more recent sediments and
comprise strata younger than the Pliocene. The seismic data presented here
is restricted to the upper 2.5 seconds of the full 7 seconds of recorded data.
The full data set provides information extending into Jurassic-aged deposits.
In an effort to image such depths these data were acquired and processed
with an emphasis on penetration and imaging deep targets with hydrocarbon
reservoir potential. Achieving this penetration level comes at the expense of
resolution, particularly in the near surface. Furthermore, processing of this
type of data is focused on bringing out the best imagery of deep targets
often further degrading resolution and data clarity in the shallow section.
Thus, interpretation of the near-surface (recent) strata is not possible using
these data. However, the oceanographic and depositional events that
occurred within the scope of this research, largely Miocene-age, are well
represented in the seismic data.
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Age control on the seismic interpretation presented here is relatively
unrefined and is based on information published in the scientific literature.
Exact timing of the various depositional and erosional events within the
DCDS is not possible given this limitation. However the timing of the
erosional unconformity which marks the onset of contourite deposition along
the DeSoto Slope is well constrained, as is the over-all period [Miocene] in
which the DCDS was largely deposited.
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4. Discussion
4.1 Seismic Expression of Sediment Drift Features in the DCDS
The interpretations put forward here, that the Miocene-Pliocene deposits of
the DeSoto Slope represent a contourite depositional system are based
largely on multi-channel seismic data. A detailed account of contourite
deposits is available in Appendix 1. Quality seismic data are capable of
imaging the various attributes of sediment drifts e.g. gross morphology,
internal geometry, seismic facies, erosional/depositional characteristics,
which may be used effectively to determine if deposits are contourites
(Faugѐres et al., 1999; Rebesco and Stow, 2001; Nielsen et al., 2008). A
review of the literature regarding seismic interpretation of contourites is
provided in Appendix 2. However, caution must be exercised when
attempting to definitively classify deposits as contourite drifts using only
seismic data. Some form of additional information, typically sedimentological
and hydrographic data, should be incorporated whenever possible.

Sediment conditions (Section 4.2) derived from cores taken near DeSoto
Canyon, although limited, add weight to the proposed contourite
interpretation. Furthering this argument is the fact that modeled and
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measured oceanographic data prove that currents along the DeSoto Slope
are favorable for contourite deposition. In terms of physical features and
acoustic characteristics indicative of contourites, the seismic data present a
very compelling case for a sediment drift interpretation. Each demonstrative
seismic attribute of sediment drifts was identified in these data.

The framework and stratigraphic model for interpreting contourites is given
in Brackenridge et al. (2011). The authors point out the fundamental flaw in
traditional sequence stratigraphy vis-ả-vis contourite deposition. The current
and widely practiced stratigraphic model is based on the premise that
continental margins develop through down-slope processes. The
conventional model assumes that sediments build-out the margin from the
continent towards the basin. Contourites develop along an entirely different
axis, i.e., parallel to the bathymetric contour or along-slope (Figure 35).
Thus, contourites enter the stratigraphic package in a different way than
that captured in the classical sequence stratigraphy model (Brackenridge et
al., 2011). The seismic architecture and geometry displayed in these data,
e.g. upslope migration of sediment units, regional along-slope erosion,
lenticular unit geometry and moat-features, can only be made sense of
within an along-slope stratigraphic model.
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Figure 35. Drawing depicting the primary controls on downslope and alongslope deposition, also the differences between
the classic down-slope stratigraphic model and the more recent along-slope stratigraphic model, adapted from Brackenridge
2
et al., (2011) .

Faugѐres et al. (1999) cites one of the ―…best diagnostic criteria for
recognizing contourite deposits on seismic profiles‖ are major discontinuities
capable of being mapped across the entirety of a drift and time-tied with
hydrologic events (p. 1). Erosional surfaces or unconformities that typically
bound a contourite deposit are formed as a new current is created or an
existing one is intensified by tectonic modification of an ocean gateway
(Brackenridge et al., 2011). Existing margin sediments are eroded and
follow-on sedimentation represents a distinct change in depositional style
(Hernandez-Molina et al., 2011). Seismic reflection patterns typical of
downslope deposition, e.g. prograding clinoforms (Figure 37), may be
truncated and overlain by sediments deposited along-slope (Rebesco and
Camerlenghi, 2008). An erosional unconformity was clearly imaged in these
seismic data and is interpreted as the base of the DCDS. The characteristics
of the erosional surface, primarily slope, provide control on drift
2
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development and morphology. Mapped out in the seismic data, the
unconformity surface is represented by an erosional slope and adjacent low
in which contourite deposition occurred (Figures 9 and 10).

Another ―best diagnostic criteria‖ for interpreting contourite drifts in seismic
data outlined in Faugѐres et al. (1999) is the presence of ―lenticular, convexupward depositional units‖ (p. 1). This type of morphology, where deposits
are thickest near their center and thin toward their margins, is prevalent
throughout the individual drifts that comprise the DCDS. The large-scale
morphology of the DCDS is also consistent with a convex-upwards model,
and displays an overall mounded appearance (Figures 12-23).

A third key indicator of bottom-current deposition is drift-moat morphology
(Faugѐres et al., 1999; Nielsen et al., 2008). A contourite moat is a nondepositional or erosive feature that is typically found parallel to and at the
base of the slope (García et al., 2009). A moat is created by the direct action
of a bottom contour-current and separates the main sediment deposit, i.e.,
the drift, and the adjacent slope (Hernández-Molina et al, 2008; García et al.
2009). Evidence for moat structures occurring parallel to erosional slopes
are widespread in the seismic data (Figures 25-33). Faugѐres and Stow
(1993) outline the seismic facies diagnostic of contourite moats, i.e., chaotic
seismic facies representing lag within the moat, prograding facies
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downlapping onto the moat floor, and regular laminated facies on the
backside of the drift. These types of facies occur within the buried moat
features interpreted in the seismic data.

4.2 Sediments and Cores (DeSoto Canyon Area)
Using only sediment characteristics or a particular facies model to
definitively classify deposits as contourites can be problematic. The difficulty
arises from the myriad of sediment facies that are associated with
contourites. Stow and Faugѐres (2008) define a comprehensive list of
contourite facies and facies models (Table 1). The breadth of this list
illustrates how inclusion or exclusion of a deposit as a contourite drift based
solely on sedimentological characteristics may be ambiguous.
Table 1. Contourite facies and compositions, adapted from Stow and Faugѐres (2008).

Contourite Facies

Composition

Siliciclastic
Shale Clast or Chip Contourites
Volcanoclastic
Calcareous bioclastic
Siliceous bioclastic
Chemogenic

Mud, silt, sand, gravel-rich
All compositions
Mud, silt, sand, gravel-rich
Mud , silt, sand, gravel-rich
Mainly sand
Mud, Calcilutite

However, when viewed in concert with seismic and oceanographic data,
sediment facies information bolsters any geologic interpretation. Multiple
cores taken near the DCDS reveal sediment profiles that conform to a
contourite interpretation. Gardulski et al. (1991) reported on seven shallow
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cores acquired by industry along the west Florida margin. One core of
particular relevance is corehole 44, that penetrated 300 m below the seabed
(inset in Figure 36). The core was acquired within the vicinity of DeSoto
Canyon in 811 m of water and was comprised entirely of clay sediments. The
classification reported was: argillaceous nanno-foram ooze, a combination of
terrigenous clay particles and pelagic-biogenic sediments. Biogenic material,
calcareous and siliceous, and associated bioclasts are major components of
many contourite systems (He et al., 2008). Despite being located near the
bathymetric footprint of the DeSoto Canyon, there was no reported evidence
of sediment gravity flows, sequences one might downslope of a submarine
canyon.

Analysis of sediment core, E67-135, (Figure 36) taken along the western rim
of the DeSoto Canyon provides evidence for Miocene paleoceanographic
changes tied to the closing of the Panama Seaway (Gartner et al., 1984).
The direct proximity of this core to DeSoto Canyon demonstrates that
impacts on circulation from this gateway closing reached the northeastern
Gulf of Mexico. Coccolith (genus Cyclococcolithus) measurements taken from
sediments within core E67-135 indicated a decrease in the corrosiveness of
bottom water (600-1000 m) starting in the Miocene, likely the result of a
diminished influx of water from the Pacific (Gartner et al., 1984).
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Figure 36. Map depicting the location of sediment cores relevant to seismic data interpretation along the DeSoto Slope.
3
Multi-beam bathymetry data from NOAA, Okeanos Explorer EX1202 Leg1. Inset from Gardulski et al. (1991) depicting
position and composition of core CH-44

Aubry (1993) provides a detailed analysis of the seven ―Eureka‖ cores
recovered from the northeastern continental slope of the Gulf of Mexico. The
wells were drilled by an industry owned vessel from 1965 to 1968. The
paper presents a detailed biostratigraphic subdivision of the Neogene period
for the DeSoto Canyon area. Core E66-73A (Figure 36), taken within the
3
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area interpreted as contourites consisted of 305 m of Miocene to recent clay
sediments. According to Aubry (1993) the lithology was ―monotonous‖ and
the ―faint color changes‖ within the core were interpreted to represent ―weak
bedding‖ (p. 342). Weak bedding surfaces and their associated lowamplitude reflections or transparent seismic facies are indicative of
contourite deposits.

4.3 Formation of the DCDS
The initiation of contourite deposition and the accumulation of drift deposits
along the DeSoto Slope are marked by a pronounced erosional
unconformity. The surface of the unconformity is interpreted to be
diachronous (varying in age across its extent) but was initiated in the middle
Miocene. This basal unconformity is imaged in the seismic data as a highamplitude, laterally continuous reflector below which there is widespread
truncation of underlying strata. This surface represents an abrupt shift in
depositional styles. Down-slope deposition and sediment progradation is
replaced by along-slope deposition and deposits exhibiting sediment drift
morphology (Figure 37). Mapped out in the seismic data (Figure 9), the
unconformity surface is comprised of an erosional slope and adjacent low
where contourites were deposited, forming the DCDS.
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The formation of the basal unconformity and subsequent contourite
deposition required currents flowing at the seabed. This research points to
an intensification of the Loop Current during the Miocene as being
responsible for the unconformity underlying the DCDS. Follow-on contourite
deposition along the DeSoto Slope was also driven by contour flows
associated with the Paleo-Loop Current. Frequently, bottom currents
belonging to the global ocean’s thermohaline circulation are responsible for
slope erosion and depositing sediment drifts (Rebesco and Camerlenghi,
2008). However, these types of currents are absent in the Gulf of Mexico
and an alternative current source is required to explain the development of
the DCDS.
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Figure 37. Transition from down-slope to along-slope depositional styles interpreted from reflector geometry in seismic data.
(A) Uninterpreted seismic data. (B) Interpreted seismic data depicting Drifts 1, 2, and 3. Green lines are present to emphasize
structure (C) Line drawing emphasizing transition in depositional styles. TWTT in seconds.
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4.3.1 The Loop Current and the DCDS
The only known current capable of forming the DCDS is the Loop Current, a
wind-driven surface current. The Loop Current is capable of generating
robust bottom currents that extend into the northern Gulf of Mexico
(Shanmugam, 2008). Koch et al. (1991) reported on the impact of the Loop
Current on drilling operations in the northern Gulf of Mexico. Currents of
1.53 ms-s and 0.51 ms-1 were recorded at depths of 45 and 250 m
respectively, requiring drillers to cease operations (Koch et al., 1991). So
significant is the Loop Current in this respect, that an entire section was
dedicated to its bottom current generating capabilities in Rebesco and
Camerlenghi (2008). Unfortunately direct information on the strength and
behavior of the paleo-Loop Current, responsible for creating the DCDS, is
unavailable. Nevertheless, it is worth addressing what is known about the
modern Loop Current and how it influences circulation near DeSoto Canyon.

The modern-day Loop Current (Figure 38), an extension of the western
boundary current [the Gulf Stream], is the primary driver of circulation in
the eastern Gulf of Mexico (Capurro and Reid, 1972; Cooper et al., 1990).
The Loop Current flows into the Gulf of Mexico through the Yucatan Strait,
travels northward into the basin, makes an ant-cyclonic turn and returns
southward where it exits the Gulf through the Straits of Florida as the Florida
Current (Leiper, 1970; Hetland et al., 1999). The extent to which the Loop
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Current penetrates into the Gulf of Mexico vacillates latitudinally. Intrusions
as far north as the Mississippi Delta and Florida panhandle are recorded,
although at times the Loop Current skirts the northern coast of Cuba only
brushing the Gulf basin (Leiper, 1970; Capurro and Reid, 1972; Nowlin,
1972).

An important aspect of Loop Current circulation, particularly in regions such
as DeSoto Canyon which are typically outside the Loop Current core, is eddy
shedding. The idea that rings or eddies pinch off the main body of the Loop
Current was first advanced in Ichiye (1962). Eddy development is associated
with northward excursions of the Loop Current and is most likely to occur
when the Loop Current migrates above 26⁰ N. Penetration this far north
generates instability in the main current, fostering conditions that promote
eddy shedding (Cooper et al, 1990; Hetland et al., 1999).
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Figure 38. Map of the larger Gulf of Mexico/Caribbean region. An approximation of general Loop Current and Loop Current
eddy positions are shown along with the key areas of tectonic development, i.e., the Nicaraguan Rise and the Isthmus of
4
Panama which shaped ocean circulation in this region. Adapted from Fig. 1 in Oey et al. (2005) .

Satellite data and in situ current meters have confirmed the presence of the
Loop Current and/or Loop Current eddies in the DeSoto Canyon region
(Wang et al. 2003). Huh et al. (1981) documented a Loop Current intrusion

4
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that tracked northeastward along the bathymetric contour of the DeSoto
Canyon. Flow associated with this intrusion exceeded 20 cm s-1, travelled
north of 29⁰ N and was detected 8 km from the coast. Huh et al. (1981)
deduced that the canyon may be a conduit for water from the deep Gulf to
flow north and that similar Loop Current intrusions may be ―preferentially‖
channeled through the DeSoto Canyon region (p. 4192).

Wang et al. (2003) compared satellite observations and model simulations
with data from 13 current meters moored within DeSoto Canyon. The twoyear study revealed the presence of two principal current ―modes‖ within the
canyon: one mode, in which a single eddy was confined to the foot of the
canyon, and a second mode involving a pair of counter-rotating eddies. One
eddy was located at the foot and the other at the head of the canyon.
Additionally, according to Wang et al. (2003), the observed and modeled
behavior of the currents indicated that eddies were ―blocked‖ by the
canyon’s wall and that velocity patterns were ―…guided by the topography‖
(p. 321-322). The dual modality of the current regime within DeSoto Canyon
was determined to be controlled by Loop Current behavior. During the single
eddy mode, circulation may be cyclonic or anti-cyclonic and is out of phase
with conditions in the open Gulf waters. Cyclonic rotation (counter-clockwise
in the N. hemisphere) was associated with Loop Current crests, while anticyclonic rotation was associated with Loop Current troughs. The dual
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counter-rotating eddy condition appeared to be associated with Loop Current
intrusion over the West Florida Shelf (Wang et al. 2003).

Yuan (2002) examined intrusive currents within DeSoto Canyon that were
unrelated to Loop Current activity. Numerical modeling and observations
revealed that intrusions into DeSoto Canyon could be brought about by
Ekman transport and pressure gradients set up by wind events. Loop
Current-induced flow near the DeSoto Canyon was determined to be
easterly, slow and along slope. The along-slope current was focused over the
shelf break and remained mostly steady within the canyon. Alternatively,
north winds were found to produce ―strong along-isobath‖ currents in
DeSoto Canyon. These currents were ―greatly enhanced‖ where the
bathymetry of the West Florida Shelf funnels flow through the head of the
canyon (Yuan, 2002, p. 13).

Weisberg and He (2003) investigated the interplay of the Loop Current and
local forcing (those factors affecting circulation independent of the Loop
Current) on water-mass transfer across the West Florida Shelf. The authors
cite ―persistent eastward flow‖ at DeSoto Canyon which produced a ―semipermanent eddy that straddles the right angle bend in topography there‖ (p.
12). Furthermore Weisberg and He (2003) suggest that eddies in the vicinity
of DeSoto Canyon, typically attributed to Loop Current shedding, may be
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generated by the local bathymetry. Currents impacting the right angle turn
in the slope at DeSoto Canyon, through conservation of potential vorticity,
produce an anti-cyclonic eddy (Weisberg and He, 2003). If conditions
conducive to eddy self-generation were present during the Miocene, such
currents may have helped shape the DCDS. The modern DeSoto Canyon
may also have been shaped by this phenomena, i.e., erosion by
topographically-induced eddies.

4.3.2 Ocean Gateways, Loop Current Intensification and the DCDS
Oceanic gateways are a key element of global oceanic circulation allowing
communication of surface and deep-water amongst ocean basins. In this
capacity, gateways may dramatically impact the distribution and magnitude
of ocean currents (Brackenridge et al., 2011). Given this relationship,
oceanic gateways also control the development of contourites. Globally,
there is a myriad of examples of contourite deposits tied to oceanic gateway
development. At least 12 contourite deposits have been confirmed on the
Antarctic Peninsula, each tied to the opening and/or deepening of the Drake
Passage (Rebesco et al., 1997, 2002; Weering et al., 2008; Brackenridge et
al., 2011). The deepening of the Drake Passage is also credited with the
formation of contourites along the continental margin of southern Argentina
(Hernảndez-Molina et al., 2009; Hernảndez-Molina et al., 2010; Violante et
al., 2010; Brackenridge et al., 2011).
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In the northern hemisphere, middle Miocene high sea-level allowed ocean
water across the Greenland-Iceland Ridge resulting in contourite deposition
on the southern coast of Greenland (Hunter et al. 2007). The contourite
depositional system located in the Gulf of Cadiz (southern Atlantic coast of
Spain and Portugal) is perhaps the most widely studied (Llave et al., 2002;
Hernảndez-Molina et al., 2003, 2011; Llave et al., 2011; Roque et al.,
2012). The deposition of this complex system of contourites is directly linked
to Mediterranean Outflow Water which flows through the Straits of Gibraltar
gateway (Hernảndez-Molina et al., 2003). The development of the DCDS is
also tied to gateway dynamics and is directly related to tectonic
developments in the Caribbean region. The formation of the DCDS is linked
with a gateway opening, the foundering of the Nicaraguan Rise, and a
gateway closing, the emergence of the Isthmus of Panama. Together these
ocean gateway developments created and/or intensified the paleo-Loop
Current (Glaser and Droxler, 1991, Droxler et al. 1998). The reordering of
Caribbean circulation (tectonically-controlled) produced a current regime in
the Gulf of Mexico favorable to contourite deposition.

The Nicaraguan Rise, currently a series of submerged carbonate banks and
shelves running from the east coast of Honduras and Nicaragua to Jamaica,
played a role in Loop Current development and/or intensification (Glaser and
Droxler, 1991). Seismic and geologic investigations of the carbonate banks
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comprising the Nicaraguan Rise are given in Hine et al. (1992, 1994). These
works provided details on the margin collapse and sediment infilling of the
drowned carbonate platforms. Previously, the Nicaraguan Rise was covered
with a continuous chain of shallow carbonate banks and coral reefs, which
effectively blocked northwestward flow in the Caribbean. However, during
the Miocene (≈12-15 Ma) the carbonate banks and reefs foundered, allowing
for the formation of the Caribbean Current (Droxler et al., 1998). The
Caribbean Current feeds the Yucatan Current, which becomes the Loop
Current upon crossing the Yucatan Channel (Sturges et al., 2000).
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Figure 39. Upper- Global paleo-geographic map depicting continent position and longitudinal connectivity through ocean
gateways during the Eocene, 56-33.9 Ma. The Panamanian Seaway is open and the Nicaraguan Rise is emergent. Notice the
lack of Loop current and the Gulf Stream currents. Lower- Modern global physical geography and simplified thermohaline
circulation model. The various ocean gateways depicted in the upper map having been modified, led to the establishment of
5
latitudinal flow and contourite deposition. Adapted from original Fig. 12 in Rebesco et al. (2014) .

5
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Figure 40. Map depicting the location of ocean gateways integral to the development of robust circulation in the Miocene
Gulf of Mexico and contourite deposition. Also, established areas of Miocene deposition and erosion suggesting contour
bottom current activity, i.e., W. Gulf contourite deposits (Galloway et al., 2000), N. Gulf contourites (Shanmugam et al.,
1996), the eastwardly shifted MCAVLU deepwater fan (Snedden et al., 2012) and Florida slope erosion (Mullins et al., 1987).
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Another important factor promoting Miocene Loop Current development and
intensification was the emergence of the Isthmus of Panama. The Atlantic
and Pacific Ocean basins were linked through the Panamanian Seaway for
much of the Cenozoic (Droxler et al., 1998). This connection was terminated
by the formation of the Isthmus of Panama, which had a dramatic impact on
ocean circulation and climate in the Northern Hemisphere (Haug and
Tiedemann, 1998; Murdock et al., 1997; Droxler et al., 1998). The collision
of Panama and Colombia which gave rise to the Panamanian land bridge,
resulted from subduction along the Andean Margin of South America
(Droxler et al., 1998). The exact nature and timing of the closure is
unknown, however the reported time interval for the gradual demise of the
seaway is approximately 35 Ma to 1.9 Ma (Farrell et al., 1995; Murdock et
al., 1997; Droxler et al., 1998; Haug and Tiedemann, 1998; Ferris et al.,
2011; Montes et al., 2012; Montes et al., 2015). Timing of absolute closure
is debatable. Coats et al. (1992) report full separation of the Pacific and
Caribbean basins occurred 3.6-3.5 Ma, based on molluscan fauna; Keigwin
(1978) report full closure at 3.1 Ma citing benthic foraminifera morphology
and assemblages, while Marshall (1988) placed total closure at 2.7 Ma based
on migration of land mammals between the two continents.

Tectonic reconstructions in Farris et al. (2011) and Montes et al. (2012)
suggest emergence of the land bridge was well underway by the end of the
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Eocene into the early Miocene. Montes et al. (2015) states that the seaway
was effectively closed by the middle Miocene. Some transfer of marine water
between the Caribbean and Pacific may have persisted through isolated
channels beyond the middle Miocene (Montes et al., 2015). Coates and
Stallard (2013) liken the emergence of the Panama Isthmus to the modern
tectonic and geographic situation in the Indonesian-Australian Archipelago.
Here a volcanic arc is emergent albeit with multiple gaps. Flow through the
three largest channels, none wider than 50 km, combine to exceed half that
of the Gulf Stream at its source (Coates and Stallard, 2013). Regardless of
when the subaerial land bridge fully emerged, the impact on Gulf of Mexico
circulation was ongoing in the Miocene. Outside of the Gulf, the major
impact resulting from the closure of the Panamanian Seaway on the oceanatmosphere system was an intensification of the Gulf Stream and the followon consequences of a stronger western boundary current in the North
Atlantic (Ruddiman et al., 1980).

The manner in which the aforementioned gateways opened and closed is
important to the development and seismic character of the DCDS. The
relevance of gateway dynamics extends beyond providing a mechanism for
Loop Current intensification. The division of the DCDS into its constituent
drifts based on seismic data infers changes in the parameters controlling
contourite deposition, i.e., bottom currents and/or sediment source
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characteristics (Figure 35, right). The various drifts comprising the DCDS are
bounded by seismic reflectors with significant amplitude contrasts and/or
erosional segments. Variations in seismic horizon character should reflect
some change in the depositional environment. These depositional changes
are recorded by surfaces of contrasting acoustic impedance separating the
various drifts. The timing and nature of the internal and bounding seismic
reflections of the DCDS likely reflect, at least in part, the manner in which
these gateways opened and closed.

Droxler et al. (1998) cautioned against employing a simplistic view of ocean
gateways and ascribed a high level of complexity to their openings and
closings. According to the author, ―Processes as straightforward as the
opening and closing of a gate, which are suitable for controlling such
activities as the passage of sheep, may prove too simple to be very useful
analogs of the opening and closing of straits between oceans‖ (p. 172). The
evolution of the Isthmus of Panama was step-wise and coincided at least
partially with the foundering of the Nicaraguan Rise (Droxler et al, 1998).
Foraminiferal studies also indicate a non-linear closure where connectivity
between the Caribbean and Pacific vacillated beginning in the Miocene
(Coats et al., 1992). Furthermore, Duque-Caro (1990) raised the possibility
that an invigorated California current may have represented an ocean
current based barrier to circulation across the seaway.
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Figure 41. Chronology of key elements shaping the formation of the DCDS and sea-level fluctuations occurring during
deposition of DCDS. The period of time shaded in green denotes the approximate timeframe in which the DCDS was
deposited. Sea-level curve is a compilation from Haq et al. (1987) and Mitchum et al. (1994). Geologic time scale and sealevel curve display adapted from Abreu and Anderson (1998). Data compiled from Mullins et al. (1987), Shanmugam et al.
(1993), Droxler et al. (1998), Roth et al. (2000), Potter and Szatmiri (2009), Montes et al. (2011), Snedden et al. (2012),
Montes et al. (2015), Bentley et al. (2016).
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The non-linearity and convolution of these two tectonic events would have
translated into a complex response in regional ocean currents. Erosional
surfaces and high-amplitude seismic reflections that bound the individual
drifts of the DCDS may be partially related to gateway dynamics and its
affect on current velocity. Some internal reflections contained within the
boundaries of the drifts may also have similar origins.

An excellent account of the interplay between tectonics (gateways),
oceanographic processes, and stratigraphic development in the Gulf of
Mexico is given by Mullins et al. (1987). That paper also cited Loop Current
intensification as the underlying mechanism for a middle Miocene erosional
unconformity along the continental slope of the eastern Gulf of Mexico. The
authors’ interpretation of seismic data revealed, ―…a major break in the
Neogene stratigraphic development of the central west Florida carbonateramp slope and an abrupt succession of depositional systems and styles‖
(Mullins et al., 1987, p. 709).

The stratigraphic break appeared in the seismic data as an erosional
unconformity occurring sometime around the middle Miocene. Prior to the
erosional event, deposition at the shelf-edge was progradational. At this
time [early Miocene], the margin built out and aggraded. Off-shelf sediment
transport appeared to be unimpeded at this stage. Following the erosional
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event sedimentation at the margin became a ―slope-front-fill system‖ which
onlaps the unconformity surface (Mullins et al., 1987, p. 712). The source of
the erosional unconformity and subsequent shift in depositional style was
proposed to be an intensification of the Loop Current. The origin of this
intensification was debated among three possible mechanisms, eustacy,
climate, and tectonic-oceanographic processes, with latter being authors’
preferred explanation (Mullins et al., 1987).
Mullins et al. (1987)’s interpretation was that the previously prograding
shelf-edge was eroded and replaced with a ―slope-front-fill system‖.
However a review of the seismic data from that paper suggests at least the
possibility that some of the slope-front-fill deposits are sediment drifts
(Figure 42). Gardulski et al. (1991) researched the evolution of the west
Florida margin from the Cretaceous to the Pleistocene. This analysis also
indicated a middle to late Miocene termination of prograding clinoforms
along Florida’s carbonate ramp, due the formation of a ―…new oceanic
circulation system‖ (Gardulski et al. 1991, p. 177). The mechanism for Loop
Current intensification and overall strengthening of the Gulf Stream cited in
Mullins et al (1987) and Gardulski et al. (1991) is espoused here and is
directly linked to the formation of the DCDS.
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Figure 42. Seismic section from Mullins et al (1987) depicting some seismic characteristic of sediment drifts, e.g.,
transparent seismic facies, moats, and the upslope migration of sediment deposits. Original Fig. 3 in Mullins et al (1987)
seismic profile 32-34.

Snedden et al. (2012) incorporated the conclusions of Mullins et al. (1987)
into a broader context by providing evidence from across the Gulf of Mexico
for enhanced circulation in the Miocene (Figure 40). The development of a
large contourite drift system in the western Gulf (offshore Mexico) began in
the middle Miocene (Galloway et al., 2000; Snedden et al., 2012).
Deepwater seismic data offshore Mexico depict sediments prograding alongslope to the north (Snedden et al., 2012). Also, the MCAVLU (Mississippi
Canyon, Atwater Valley, and Lund protraction areas) fan was shifted east of
its supposed deltaic source deposits in the Miocene. The MCAVLU fan was
linked to shelf deposition from the ancestral Tennessee River and represents
the most likely source of sediments to the DCDS. Collectively, these features
indicate enhanced circulation in the Gulf of Mexico during the Miocene
capable of transporting sediments in deepwater. The DCDS fits into this

6
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collection of data points and demonstrates the prevalence of Miocene alongslope erosion and deposition in the Gulf of Mexico.

4.3.3 Sealevel/Climate effects on the DCDS
Sea-level undoubtedly played a role in the formation of the DCDS and the
development of its internal stratigraphy. The effects of sea-level were likely
two-fold, impacting both sediment flux and the current regime. How the
paleo-Loop Current behaved through sea-level changes in the Miocene is
unknown, however the influence of Quaternary sea-level on the Loop
Current has been investigated. Analysis combining geochemical proxy data
and numerical modeling demonstrated the significance of Milankovitchdriven climate change and sea-level on Loop Current variability (Nürnberg et
al., 2015). Modeling results indicate that Loop Current eddy shedding was
diminished during sea-level lowstands and that eddy shedding was limited to
absent at the Last Glacial Maxima (Mildner, 2013; Nürnberg et al., 2015).
The approximately 6⁰C of cooling experienced in the northern Gulf of Mexico
during the LGM, interpreted from geochemical proxies, was likely the result
of waning eddy production and the subsequent reduction in heat
transmission into the Gulf of Mexico (Nürnberg et al, 2015). Rising sea-level
in the model brought about a correspondent rise in eddy shedding. Loop
Current-derived flow through the Yucatan Channel and Florida Straits
increased during the LGM resulting from enhanced atmosphere/ocean
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circulation and a more southerly position of the Intertropical Convergence
Zone (Nürnberg et al, 2015). A southerly Loop Current position and elevated
flow through the Yucatan Channel and Florida Straits during glacial/lowstand
conditions markedly diminished eddy production in the Gulf of Mexico
(Mildner, 2013).

Climate and sea-level history during the Miocene was complex and
comparisons with Quaternary records should be approached with caution
(Figure 41, right). However, despite the perception that northern
hemisphere glaciations began during the Pliocene, ice sheets comparable to
the Greenland ice sheet existed in the Miocene (Miller et al., 2005).
Furthermore, rapid sea-level rise and fall in the Oligocene-Miocene was tied
directly to changes in δ18O, indicating waxing and waning ice sheets (Miller
et al., 1996, 1998). It is therefore probable that some similarities existed
between Miocene lowstand/highstand conditions in the Gulf of Mexico and
those of the Quaternary. Sea-level fluctuations in the Miocene would have
translated into changes in the velocity and position of the ancestral Loop
Current. If the relationship between Loop Current behavior, eddy shedding
and sea-level demonstrated during the LGM extends (or partially translates)
to the Miocene this would have impacted the development of the DCDS. The
internal stratigraphy of the DCDS, marked by periods of erosion and facies
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changes, were tied to the prevailing current regime which was linked to
global climate and eustacy.
The details of the relationship between sea-level and DCDS formation may
not be resolvable. However, an important inference can be made from the
general trend in sea-level during the Miocene. Sea-level was higher than
present during much of the Miocene. Throughout the middle Miocene, sealevel was consistently 50 m higher than now and exceeded 100 m for
extended periods of time (Figure 41, right). The Miocene was a period of
active tectonics and this was a contributing element to sea-level rise (Potter
and Szatmari, 2009). However, a lack of massive ice sheets could also be a
key component to Miocene highstands. During Miocene highstands, in the
absence of large ice sheets, the latitudinal thermal gradient would have been
diminished. A more balanced thermal gradient between the poles and
equator may have produced a less stratified water column. Reduced
stratification would have allowed wind-driven surface currents, i.e., the Loop
Current, to more effectively transfer flow deeper in the water column (R.
Weisberg, personal communication, September 12, 2016). Under this
scenario, surface currents in the middle Miocene Gulf of Mexico would have
had an enhanced capacity to erode and transfer sediment, producing
contourites.
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4.3.4 Miocene Sediment Supply to the DCDS
The contourite interpretation given here requires a mechanism for the onset
of sediment drift deposition. A key element in the formation of sediment
drifts is the transition from erosional and/or non-depositional conditions to
an environment where contourite accumulation is possible. Some
combination of bottom current velocity modulation and sediment availability
must occur to achieve conditions favorable to sediment drift formation.
Significant changes in Gulf of Mexico sediment sources and depocenters
occurred in the Miocene. These changes coincided with the formation of the
DCDS (Figure 41). Alterations in terrestrial drainage patterns and
sedimentation provided sediment sources to the DCDS, creating conditions
that did not exist prior to the middle Miocene.

Exhaustive accounts of the depositional history of the Gulf of Mexico are
given in Galloway et al. (2000) and Galloway (2008). Moreover, a detailed
chronicle of the Miocene depositional episode is given in Combellas-Bigott
and Galloway (2006). Therein, the authors describe the, ―major
paleogeographic and sediment dispersal changes [that] occurred during the
middle Miocene depositional episode in the east-central Gulf of Mexico‖ (p.
336). These ―major paleogeographic and sediment dispersal changes‖
occurred just west of the DCDS, thereby positioning new sediment sources
up-current of the DeSoto Slope and the eventual site of the DCDS.
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The ancestral Mississippi River (Figure 43) was an important contributor of
sediments to the northern Gulf of Mexico during the middle Miocene
(Combellas-Bigott and Galloway, 2006). Drainage across the
central/southern Rockies and erosion of alluvial deposits located on the High
Plains provided a major source of sediments to the ancestral Mississippi and
ultimately to the Gulf of Mexico (Pazzaglia and Gardner, 1998). However, a
second major fluvial-deltaic system emerged in the middle Miocene Gulf of
Mexico from the ancestral Tennessee River (Figure 43) (Brown, 1967).

7

Figure 43. Map of ancestral Tennessee and Mississippi Rivers during the middle Miocene. Adapted from Galloway (2008) .

Sediment input from the ancestral Tennessee River was important in the
northeastern Gulf of Mexico where it contributed to deposition from the

7
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middle Miocene until the Pleistocene (Galloway 2005). The onset of the
ancestral Tennessee River drainage system was associated with either
crustal or passive flexural uplift of the Appalachian Mountains and climate
changes (Pazzaglia and Gardner, 1994; Pazzaglia and Brandon, 1996). The
paleo-drainage basin of the ancestral Tennessee fluvial-deltaic system was
enveloped by the Mississippi Valley in the Pleistocene, terminating this
depocenter (Saucier, 1994).

Snedden et al. (2012) report on the eastward shift of the MCAVLU
deepwater submarine fan system. The fan system is thought to be linked
with the aforementioned ancestral Tennessee River, which deposited around
3000 m of sediments on the shelf and upper slope during the Miocene.
However, the MCAVLU fan system derived from these sediments occurs 150
km east of its sediment source. The offset between the shelf/slope deposits
and the associated deepwater fan system point to currents transporting
sediments eastward along-slope before settling in deepwater (Snedden et
al., 2012).

The ancestral Mississippi and more importantly the ancestral Tennessee
River, given their proximity and up-current position, would have been
important sediment sources for the DCDS during the Miocene. Mapping of
the ancestral Tennessee River depocenter by Combellas-Bigott and Galloway
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(2006) placed the locus of deposition slightly west of the DCDS (Figure 43).
The position and circumstances surrounding the MCAVLU fan make it an
ideal candidate for supplying sediments to the DCDS. Finer grained material
not deposited within the fan could have been carried further east along the
slope and deposited within the DCDS. Climate and tectonically driven
variations in the sediment output of either of these drainage systems would
have impacted the stratigraphic architecture of the DCDS. The complex
interplay of sediment flux and current velocity provided the basis for the
middle Miocene onset of contourite deposition and the seismic heterogeneity
of the DCDS.

4.3.5 Summary of DCDS Development
Flow in the northeastern Gulf of Mexico and DeSoto Slope is easterly and
along-slope. As deepwater contour currents traveled eastward, fine-grain
sediments from the ancestral Mississippi and Tennessee Rivers became
entrained in the flow (Figure 44). This is apparent from the eastward shift of
the MCAVLU deepwater fan system which was linked with the ancestral
Tennessee River during the Miocene. The MCAVLU fan is near the DeSoto
Slope and located up-current from the DCDS. The sediments comprising this
fan system underwent alongslope transport prior to their deposition in
deepwater (Snedden et al., 2012). Given the position and offset of the
MCAVLU fan, this system was likely the most important sediment source to
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the DCDS. Relatively coarse sediments settled out into the deepwater fan.
The fine grain sediments remained suspended and were transported east
toward the West Florida Shelf.

Upon encountering the West Florida Shelf, currents are forced to make a
relatively abrupt turn to the south. Eventually the entire easterly component
of this flow must reach zero and flow is established to the south (R.
Weisberg, personal communication, September 12, 2016). During this
process there is a requisite deceleration in flow and water piles up in the
vicinity of DeSoto Canyon. The resulting sea-surface high forms a pressure
gradient which is dissipated to the south producing southerly flow. As the
currents navigate this turn and experience a deceleration sediments rain out
onto the slope forming the contourites of the DCDS.

Furthermore, there is a substantial widening between isobaths that occurs
around DeSoto Canyon (Figures 3 and 44). The east-west along-slope
isobaths offshore the northern Gulf Coast are tightly spaced. Along-slope
flow, which tends to follow a consistent bathymetric contour, is more tightly
constrained here. However, south of DeSoto Canyon the now north-south
oriented isobaths spread out across the west Florida slope/shelf. The
widening of the isobaths translates into an energy density reduction within
the contour-hugging flow (R. Weisberg, personal communication, September
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12, 2016). Flow is able to spread laterally across a much gentler contour,
thus distributing its original energy over a greater area. This results in a
deceleration where sediments settle out forming contourites.

However, the right turn in flow described here is not accomplished in an
entirely energy efficient manner. Topographically-induced eddies are formed
that linger in the vicinity of DeSoto Canyon. Such eddies and the overall
topographic current-steering process occurring across Desoto Canyon might
be capable of generating erosive currents. These currents may have
contributed to the development of DeSoto Canyon.
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Figure 44. Summary of factors contributing to the development of the DeSoto Canyon Contourite Depositional System or
DCDS. Easterly along-contour flow is shown by the dashed white arrows; tighter spacing indicates greater energy density.
The easterly flow entrains sediments deposited by the Ancestral Tennessee River as they are transported into deepwater
forming the MCAVLU fan. A deceleration occurs near the DeSoto Canyon where the slope turns abruptly south and isobaths
spread out along the margin of the West Florida Shelf. This deceleration allows sediments to rain out onto the slope forming
the contourites which make up the DCDS. Features from around the Gulf of Mexico pointing to Loop Current enhancement
during the Miocene, such as contourites in the western Gulf, Erosion of the West Florida Slope, and sandy contourites in the
northern Gulf are also shown.
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4.4 DeSoto Canyon-The Modern-Day Physiographic Feature
The [modern] physiographic feature, the DeSoto Canyon, is an anomalous
seabed structure on the DeSoto Slope. The DeSoto Slope is bounded to the
west by the upper Mississippi Fan and to the east by the Florida Escarpment
(Bergantino, 1971). The slope lays basinward of the Mississippi-Alabama and
Florida Panhandle continental shelves. Surface morphology and seismic
facies are noticeably different across the slope (Figures 2, 45 and 50).
Changes in the seismic expression of the geology occur longitudinally
(Figures 2 and 50). Analysis of the slope’s shifting depositional style and
seismic character is key to interpreting the origin of the DeSoto Canyon.

Figure 45. Map illustrating differences in the surficial geologic expression of the DeSoto Canyon and those submarine
canyons/channels which occur along the DeSoto Slope to the west. Background multi-beam bathymetry data from NOAA,
Okeanos Explorer EX1202 Leg1, overlain shaded relief data from Sylvester et al., 2012.
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The central region of the DeSoto Slope is characterized by multiple
submarine channels (Figures 1 and 45). These channel systems are linked to
paleo-deltas lying up-dip along the edge of the shelf margin (Sylvester et
al., 2012). The morphology of the slope here is dominated by gravity-driven
down-slope processes. In addition to the multiple submarine-channel
systems, large-scale slump and slide features are also present along the
central DeSoto Slope. Sylvester et al. (2012) provide a detailed account of
the development of these channel networks, i.e., the Fuji-Einstein and
Sounder-Dorsey systems, and their direct link to shelf-edge deltas and sealevel change. Seismic imaging of these systems depicts migrating, sinuous
channels, levee systems, and mass-transport deposits, all archetypical
elements of submarine-channel/canyon seismic facies. Seismic imaging of
DeSoto Canyon bears little resemblance to that of its western neighbors.
Considered within a deep-water stratigraphic model, where along-slope
deposition may outweigh down-slope processes, the DeSoto Canyon could
be linked to currents and contourite depositional processes. The canyon’s
origins may be tied to the region’s physical oceanography rather than classic
models of canyon development, (e.g., Twichell and Roberts, 1982; Farre et
al., 1983; Pratson et al., 1994).

A first order differentiator between DeSoto Canyon and all other canyons on
the Desoto Slope is its shape (Figures 3 and 45). Harbison (1968) was the
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first to comment on the east-west orientation of the head of DeSoto Canyon.
Harbison (1968) correctly diagnosed this aspect of the canyon as being tied
to an ―erosional slope‖. The erosional slope was interpreted to be an ―old‖
shoreline and was attributed to a possible drop in sea-level. However, the
author did leave open the possibility of currents being responsible for the
slope’s erosional surface. Harbison (1968) cite the presence of ―quasi-steady
currents surface and sub-surface [that] tend to align themselves with the
bathymetric contour‖ (p. 5183). Based on the available data at the time, the
erosional slope was interpreted to extend approximately 74 km from east to
west. The erosional slope is mostly subsurface and is occasionally exposed
along this length (Harbison, 1968). The same erosional slope was clearly
imaged in these seismic data and comprises part of the erosional
unconformity underlying the DCDS.

Seismic data indicates that the east-west oriented leg of the DeSoto Canyon
is related to past and perhaps recent ocean currents. The DeSoto Canyon is
not [entirely] the result of down-slope erosional mechanisms, i.e., the
―Downslope Erosion Model‖ of Pratson et al. (1994) or the means of canyon
excavation outlined in the ―Upslope Erosion Model‖ of Twichell and Roberts
(1982) and Farre et al. (1983). These data indicate that this stretch of the
DeSoto Canyon is related to a remnant contourite drift moat or channel
feature. Both are formed by erosive bottom currents, with moats occurring
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along-contour between sediment drifts and adjacent slopes. Seismic data
flanking the east-west leg of DeSoto Canyon clearly image the extension of
the now subsurface moat/channel feature (Figure 46).

The east-west run of the DeSoto Canyon may be tied to a remnant moat
structure, as previously stated. However, a more broad interpretation of the
full DeSoto Canyon is that it is a contourite channel. Contourite channels—
distinctly separate from moats that occur only parallel to a slope—are
relatively large, erosional features associated with contourite depositional
systems (Hernández-Molina et al., 2008b; Garcìa et al. 2009). Rebesco et al.
(2014) described contourite channels as being, ―…elongate erosional
depressions formed mainly by the actions of bottom currents…they are
characterized by the presence of truncated reflections and can be alongslope trending, or sinuous and oblique relative to the slope‖ (p. 130). The
DeSoto Canyon conforms rather neatly to this definition running at times
along-slope, oblique to the slope and possesses an overall sinuous
morphology.
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Figure 46. Map depicting the bathymetric footprint and surface morphology of the DeSoto Canyon. Seismic lines flanking the
east-west leg of the canyon depict what have been interpreted to be contourite moat features. There is clear alignment with
these features and similar features on other adjacent seismic lines which indicate that this part of the DeSoto Canyon may be
tied to a contourite-moat structure.
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Figure 47. Cartoon depicting large-scale erosional features of sediment drifts, i.e., contourite moats and channels. Adapted
8
from Rebesco et al (2014) .

The most notable and widely studied contourite channel is the Cadiz
Contourite Channel. The channel is located in the Gulf of Cadiz off the
southwest coast of Spain near the Straits of Gibraltar. The channel traverses
water depths from 650 to 1500 m, is 2-12 km wide, is incised up to 120 m,
and has an overall S-shaped morphology (Stow et al., 2013). Gross
morphologic comparison to DeSoto Canyon is instructive and reveals some
similarities (Figure 48). DeSoto Canyon has an overall length of
approximately 60 km, spans depth from ≈400 to >1000 meters, is up to
5km wide, has >200 meters relief and displays an overall S-shaped
morphology. The Cadiz Contourite Channel was incised by currents related
to Mediterranean Outflow Water, which is produced by communication
between the Atlantic Ocean and Mediterranean Sea via the Straits of
Gibraltar (Stow et al., 2013). Similar thermohaline currents do not exist in

8
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the Gulf of Mexico, however sustained currents potentially capable of seabed
erosion are known to occur within the DeSoto Canyon region.

Figure 48. Comparison of the surficial expression of the DeSoto Canyon to the Cadiz Contourite Channel (inset) as depicted
by multibeam bathymetry. Inset multi-beam bathymetry from Hanquiez et al. (2007), DeSoto Canyon multi-beam
bathymetry data from NOAA, Okeanos Explorer EX1202 Leg 1.

The Loop Current and its eddies are capable of producing vigorous currents
at depth within the DeSoto Canyon (Wang et al., 2003; Huh et al., 1981)
Additionally, pressure gradient inducing winds in the northern Gulf are able
95

to generate robust currents (>30 cm/s-1) within DeSoto Canyon (Yuan,
2002). Also, the DeSoto Canyon is a known conduit for upwelling from the
deep Gulf (Gilbes et al., 1996; Li and Weisberg, 1999; He and Weisberg,
2003). Given its bathymetric form and position straddling the slope, the
DeSoto Canyon may present ideal conditions for internal waves and tides
capable of erosion and sediment transport (Pomar et al., 2012). Each of the
aforementioned oceanographic elements may play a role in the development
of a contourite depositional system. However the results of Weisberg and He
(2003) may be particularly germane to the interpretation of DeSoto Canyon
as a contourite channel.

Weisberg and He (2003) promote the idea that the topography of the
DeSoto Canyon region is capable of self-generating eddies. These
topographically-induced eddies form in a manner entirely different than
eddies that are shed directly from the Loop Current. Eddy generation occurs
when negative vorticity is induced by uphill flow resulting from along-slope
currents encountering the right angle turn in the slope near DeSoto Canyon
(Weisberg and He, 2003). The result is a clockwise eddy which resides above
the DeSoto Canyon. Perhaps this unique phenomenon, possibly in
conjunction with Loop Current activity and wind generated currents has
created a localized current regime capable of having incised the DeSoto
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Canyon. Given the extremely fine-grained sediments at DeSoto Canyon, high
current velocities would not be required.

Figure 49. Salt diapirs are common in the subsurface near the DeSoto Canyon, deforming the drift deposits and paleomargins of the canyon. Diapirs often rise to very shallow depths and in one instance pierce the modern seabed near the head
of DeSoto Canyon.

Further parallels can be drawn between the DeSoto Canyon and the Cadiz
Contourite Channel beyond similar morphology. Both occur in regions
affected by neotectonics. The geometry of the Cadiz Contourite Channel is
tied to currents as well as seabed topography, which has been deformed
through neotectonics and intrusive mud diapirs (Stow et al., 2013).
Neotectonic activity around DeSoto Canyon is driven by halokinesis. Salt
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tectonics is an important component of the geologic history of the DeSoto
Canyon region (MacRae and Watkin, 1993). Salt diapirism and associated
deformation has likely played a role in the development of the DeSoto
Canyon and the DCDS. The connection between salt diapirism and the
DeSoto Canyon was first raised in Harbison (1968). Tectonic activity
[halokinetic or otherwise] alters seabed morphology, thereby changing
current behavior (often increasing velocity) and structure. This in turn
affects the geometry and internal structure of contourites and associated
erosional features (Hernandez-Molina et al., 2011). The Cadiz Contourite
Channel is reported to owe its S-shaped morphology to the Cadiz and
Guadalquivir diapiric ridges (Stow et al., 2013). Given the presence and
proximity of multiple shallow diapirs to DeSoto Canyon (Figure 49), these
structures could have influenced the channel’s development.

4.5 Return to Down-slope Deposition and Demise of the DCDS
The same ocean-gateway developments that initiated contourite deposition
on DeSoto Slope eventually triggered the return of gravity-driven downslope deposition. The formation of the Isthmus of Panama and the
foundering of the Nicaraguan Rise were fundamental to the development of
thermohaline circulation in the North Atlantic (Woodruff and Savin, 1989;
Mikolajewicz and Crowley, 1997).
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Figure 50. Seismic data illustrating the contrast in seismic facies along the DeSoto Slope, transitioning from organized, low
amplitude or transparent seismic facies (interpreted as sediment drifts) in the east to a chaotic, high-amplitude seismic facies
moving westward (a known submarine channel system). (Inset) Interpretation of seismic data from the Lagos Drift in the Gulf
9
of Cadiz from Roque et al. (2012) . Similar seismic reflection patterns to the DCDS are seen within the Lagos Drift where
contourite deposition has been overtaken by downslope processes.

An invigorated Gulf Stream was capable of delivering warmer, saltier water
to high latitudes in the Northern Hemisphere, promoting deep-water
development (Murdock et al., 1997; Haug and Tiedemann, 1998).
Additionally, a warmer, more robust Gulf Stream provided the means for
enhanced evaporation at the middle latitudes, thus stimulating more
precipitation over northern North America, Greenland, and Europe, fostering
ice accumulation (Murdock et al., 1997). Furthermore, a warmer, stronger
Gulf Stream produced a steeper thermal gradient in the North Atlantic

9
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promoting energetic meridional atmospheric circulation and conditions
conducive to the onset of glaciation (Ruddiman et al., 1980).
Amplified northern hemisphere glaciations produced high-frequency, largescale sea-level fluctuations during the Quaternary (Lambeck et al., 2002).
Dramatic lowering of sea-level (>100 m) allowed shelf edge deltas to form in
the northeastern Gulf of Mexico. These deltas are positioned up dip from the
DeSoto Slope. Linked to these depocenters are submarine channel-levee
systems that incise the slope providing conduits for down-slope sediment
transport (Sylvester et al., 2012). Evidence for recent and past channellevee systems are depicted in the seismic data (Figure 50). There is also an
abrupt transition to a chaotic seismic facies moving west along the slope
where these channel systems occur. The seismic facies transition from
organized stacking patterns to chaotic and multiple submarine channels
indicate a return to down-slope depositional conditions along the DeSoto
Slope. Future lowstands will produce similar shelf-edge deltas and associated
submarine channel systems. These channels systems provide the means for
sediments to be transported on to and across the slope. Future glacial
episodes should foster similar conditions along the shelf edge promoting
further erosion or sediment deposition onto the DCDS.
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5. Conclusions
Seismic data indicate that downslope depositional conditions prevailed
during the early Miocene in the vicinity of DeSoto Canyon. However, during
the middle Miocene, conditions along the DeSoto Slope shifted, creating an
along-slope depositional environment. This shift in depositional styles is
clearly visible in seismic data and is delineated by a pronounced erosional
unconformity. Prograding reflectors lying beneath the unconformity exhibit
erosional truncation and are overlain by units displaying seismic
characteristics and geometries indicative of sediments drifts. The various
sediment units, aged middle Miocene to Pliocene, deposited directly atop the
unconformity, are interpreted to be a contourite-drift complex. This
contourite depositional system is referred to here as the DeSoto Contourite
Depositional System or DCDS.

The erosional unconformity which bounds the DCDS, marking the initiation
of contourite deposition, was created by ocean currents related to the PaleoLoop Current. The development of the Loop Current during the Miocene and
the subsequent intensification of its flow into the Gulf of Mexico are linked
with tectonic events in the Caribbean, i.e., the foundering of the Nicaraguan
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Rise and the closure of the Panamanian Seaway. The timing and placement
of the DCDS would appear to be in alignment with this
tectonic/oceanographic scenario.

Changes in the paleo-Loop Current and onset of up-current sediment
sources ended the erosional period along the DeSoto Slope and initiated
contourite deposition. The ancestral Mississippi was a source of sediments to
the northern Gulf during the Miocene and may have played a role in the
development of the DCDS. However, the middle Miocene ancestral
Tennessee River depocenter in the northeastern Gulf is thought to have been
a more important sediment source for the DCDS. The eastward shift of the
MCAVLU fan, a product of the ancestral Tennessee River system,
strengthens this interpretation.

Fluctuations in the velocity of the Loop Current likely played a role in the
transition from non-deposition to sediment drift formation along the DeSoto
Slope. Additionally, changes in current velocity are required to explain the
variations in reflector amplitude and erosional surfaces which bound the
multiple drifts comprising the DCDS. A non-linear or ―step-wise‖ closure of
the Panamanian Seaway provides at least a partial explanation for intensity
variations in the Loop Current and its impact on DCDS formation. Climate
and sea-level fluctuations during the Miocene would have affected both
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sediment flux and ancestral Loop Current behavior/velocity. The affect of
climate change and sea-level has been investigated on the modern Loop
Current with a reported drop in eddy production and Gulf of Mexico intrusion
during falling sea-level. The interplay of climate, sea-level, and ocean
circulation is obviously complex and the high-amplitude Milankovitch-driven
climate change regime of the Plio-Pleistocene was not present during the
Miocene. However, it still stands to reason that Miocene sea-level change
should have had similar effects on the ancestral Loop Current leading to
depositional changes in the DCDS, i.e., erosional surfaces and highamplitude reflectors that bound the individual drifts.

The modern physiographic feature, the DeSoto Canyon, is interpreted to be
linked to DCDS development. The origin of the DeSoto Canyon may be tied
to along-slope depositional processes and sediment drift development rather
than to down-slope or up-slope erosional models of canyon development. A
possible alternate interpretation of the DeSoto Canyon is that it is a
contourite channel incised mostly by persistent bottom currents. These
bottom currents may be related to the Loop Current and/or self-generated
eddies produced by the unique right angle slope topography in the NE Gulf
of Mexico. However, despite the origin proposed here, it is still possible that
the DeSoto Canyon may have acted as a down-slope conduit for sediment
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transport during its existence. Furthermore, some of the erosion within
DeSoto Canyon may have occurred from forces other than ocean currents.
The return to down-slope deposition along the DeSoto Slope and demise of
the DCDS was set in motion by the same ocean gateway dynamics that
initiated its deposition. The intensification of the Gulf Stream resulting from
the combined foundering of the Nicaraguan Rise and emergence of the
Isthmus of Panama played a role in promoting the onset of northern
hemisphere glaciation. The high-frequency, high-amplitude sea-level
fluctuations that followed permitted delta formation at the shelf edge in the
northern Gulf of Mexico. The downslope movement of these deltaic
sediments have developed into the erosional submarine channel-levee
network and linked mass-transport system that now exists on the DeSoto
Slope. These processes have and will continue to bury and/or erode the
DCDS.
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Appendix 1
Contourites
Contourites are widely defined as sediments that have been deposited by or
significantly altered by bottom currents (Stow et al., 2002a). Contourites
were identified and accepted as unique sediment deposits in their own right
less than 50 years ago (Heezen and Hollister, 1964; Hollister, 1967).
Initially, the term contourite referred only to sediments deposited by
contour-parallel thermohaline circulation in the deep ocean. However, this
restricted definition has broadened immensely and contourites may be
deposited in relatively shallow water (≈300 m) and by any consistent
current operating at the seabed (Rebesco and Camerlenghi, 2008; Stow et
al., 2008). Contourite research is an important component in a variety of
academic and commercial interests, including paleo-oceanography, paleoclimatology, slope stability, geohazards and hydrocarbon exploration
(Rebesco et al., 2014).

Contourite deposition plays a major role in sedimentation along the
continental slope and in the deep ocean. These drift deposits make up a
considerable fraction of the sediments forming the deep basin margins
(Faugѐres and Stow, 1993). Contourites represent one of the three dominant
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sedimentary processes active in deep water, along with down-slope gravity
driven deposits and pelagic sedimentation (Rebesco et al., 2014). Currents
that impinge on the seabed over long time scales may generate erosional
and non-depositional surfaces as well as depositional features (e.g.,
contourites). According to Stow et al. (2009) a sustained average current
velocity of >0.1 ms-1 is required to rework and transport sediments leading
to contourite deposition. Average current velocities exceeding 0.5 ms-1 lead
to non-depositional and erosional conditions. The buildup of multiple
contourite deposits and linked erosional surfaces eventually develop into a
Contourite Depositional System (Rebesco and Camerlenghi, 2008;
Hernandez-Molina et al., 2011).
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Figure 51. Drawing illustrating the three dominant elements of deepwater sedimentation and the types of deposits expected
10
from each. Adapted from original Figure 1. in M. Rebesco et al. (2014) .

Contourite depositional systems are formed through the interplay of four key
elements: (1) currents, (2) seafloor topography (3) sediment supply and (4)
nepheloid layer turbidity (Faugѐres et al., 1993). 1. Deep-water currents
which may influence contourite deposition are thermohaline-induced
geostrophic contour currents, wind-driven bottom currents, deep-water tidal
currents and internal waves and tides (Shanmugam, 2008). The critical

10
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aspects of currents related to contourite deposition are persistence and
velocity. Current velocities must achieve critical shear stress at the seafloor,
i.e., shear stress [a function of velocity] must be large enough to overcome
the gravitational and frictional forces holding a sediment particle in place
(Wright et al., 1999). 2. A first order requirement on contourite formation is
that sediment supply exceed background levels of pelagic and hemipelagic
fallout (Brackenridge et al., 2011). Sources of potential sediment supply for
contourite deposition are turbidity currents, pro-delta plumes, slope
spillover, hemipelagic/pelagic fallout and reworked up-current sediments
(Stow et al., 2008). Availability of siliciclastic sediments for contourite
deposition is tied to tectonics, climate, and sea-level. Biogenic sediment
availability reflects oceanographic conditions, biological production levels,
preservation vs. dissolution of CaCO3, and climate (Faugѐres et al., 1993).
3. Seabed topography has direct impacts on the hydrodynamics of currents
and thus contourite deposition. Flow can be disrupted and/or accelerated by
small-scale topographic features, including canyons, mounds, banks, straits
or seamounts (Rebesco et al., 2014.). When bottom-currents encounter
topography the effects may be complex, resulting in eddies, branch
development, helicoidal flows, internal waves, and general turbulence
(Hernandez-Molina et al., 2011). Topography-induced current acceleration
may lead to deposition of suspended material (e.g. contourite deposition), or
reworking [erosion] and transport of sediments. 4. Turbidity levels within
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the nepheloid layer are influenced by several factors. Resuspension of
sediments by bottom currents plays a central role, however other processes
may contribute to turbidity at the seabed. Turbidity currents, settling or
advection of pelagic/hemipelagic particles, and benthic organisms are all
capable of influencing turbidity within the nepheloid layer (Faugѐres and
Stow, 1993). Turbidity in the nepheloid layer determines the availability of
sediment for transport into contourite depositional systems.

The lithologic character of contourites can vary widely. The composition of a
contourite will reflect the characteristics of its sediment source and may
therefore be composed of siliciclastic, volcaniclastic, calcareous, or siliceous
material (Stow and Faugѐres, 2008). The range of sediment grain size within
contourite deposits are equally broad and dependent upon the sediment
source and current velocity, and may range from clays to gravel; the latter
forming only in cases of extreme currents (Faugѐres and Stow, 1993).
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Appendix 2
Contourites in Seismic data
Seismic reflection profiling and the information gleaned from its resultant
data products provide much of what is known about the size, morphology,
and physical attributes of contourites and contourite depositional systems
(Rebesco and Camerlenghi, 2008). Faugѐres et al. (1999) provides a
comprehensive review on the analysis of contourites imaged in seismic data
(Seismic Features Diagnostic of Contourite Drifts). The authors put forward
the following framework for the diagnostic interpretation of contourites in
seismic data:


Large Scale: Overall drift morphology and large scale geometry



Medium Scale: Individual seismic unit geometry (e.g., lenticular
shape, upward-convex morphology), detailed stacking patterns of
component depositional units (e.g., progradational-aggradational
reflection patterns)



Small Scale: Seismic facies analysis

Interpretation of contourites in seismic data across the three
aforementioned scales is dependent upon the frequency content and
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acquisition geometry of a dataset. The temporal and spatial resolution of the
data will dictate the scale at which interpretation is possible (Rebesco and
Camerlenghi, 2008). Interpreting large-scale seismic characteristics of drift
deposits is possible in lower resolution data. So long as the required
geographic coverage is adequate to ascertain overall drift morphology and
to delineate a deposit’s geometry. Another aspect of large-scale seismic
interpretation is identifying and mapping regional unconformities, i.e.,
erosional surfaces which mark the onset of contourite deposition and may
also occur within the larger deposit. The broader continuity and amplitude
characteristics of the seismic reflections comprising the drift are also part of
large-scale interpretation (Rebesco and Stow, 2001).

Medium and small scale seismic characteristics in contourites must be
interpreted from higher resolution data. Some medium-scale characteristics
can be interpreted from modern exploration data which carries some
relatively high-frequency information. Medium-scale features include the
geometry of the individual seismic units contained within the larger drift
deposit. The stratigraphic architecture and assemblage of the various
seismic units which comprise the larger drift are interpreted at the medium
scale as well. Reflection patterns and terminations are also indentified
during medium-scale interpretation. Small-scale interpretation generally
consists of seismic facies analysis and identifying sediment bedforms.
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Seismic facies analysis aims to glean information from the small-scale
patterns of seismic reflections, e.g. chaotic, hummocky, parallel,
transparent, etc. (Faugѐres et al., 1999; Rebesco and Stow, 2001; Nielsen
et al., 2008).

The geometry and morphology of contourites provide the basis for their
general classification. Contourite geometry/morphology is largely
determined by the combination of the geologic and bathymetric framework
in which they are deposited. Current velocity and consistency, availability
and type of sediment, and depositional time interval shape contourite
morphology. Gravity driven down-slope processes may influence the
geometry and morphology of contourites during and following active
deposition (Faugѐres et al., 1999). Currently, drift deposits are classified
into five general categories (with sub-divisions, see Figure 52), as per
Faugѐres et al. (1993), Stow et al. (1996), and Faugѐres and Stow (2008).


Sheeted drifts



Elongate-mounded drifts



Channel-related drifts



Confined drifts



Mixed drift systems
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(1) Sheeted drifts are typically vast in size (laterally) and exhibit little
vertical relief. The thickness of sheeted drift deposits may be nearly constant
across their extent, showing only minor tapering at their margins. These
types of drifts are found on the abyssal plain (abyssal sheets) and along
smooth, very low-gradient slopes (slope sheets) where currents are not
enhanced by topography. Elongate-mounded drifts are of variable
dimensions (101-103 meters long), hundreds of meters thick, with an
elongate, mounded morphology and may be separated into 3 broad
categories: (2) Plastered Drifts which occur along gentle slopes and typically
migrate along-contour in the direction of current flow. Cross-contour
migration may be up or down slope depending on the interplay of current
dynamics, slope characteristics, and coriolis; (3) Separated drifts occur
along slopes with a pronounced slope-break and also tend to migrate alongcontour in the direction of current flow. The ―separated‖ name designator
arises from the fact that the main body of these deposits is separated from
the slope-break by a pronounced moat feature, where current velocities are
highest resulting in erosion and/or non-deposition (4) Detached Drifts
elongate at an angle to the slope on which their original deposition occurred.
Turns or bends in a slope’s direction and the relationship between surface
current and bottom currents may lead to detached drift deposition.
(Faugѐres et al., 1999; Rebesco and Stow, 2001; Faugѐres and Stow, 2008)
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11

Figure 52. Classification scheme for contourite drift deposits (adapted from Fig. 3 in Faugѐres et al. (1999) .

(5) Channel-related Drifts, as the name suggests, are those contourites
which are deposited within channels and similar bathymetric features at the
seabed. These drifts are deposited by enhanced bottom currents which
become intensified as their flow is constricted within the confines of the

11
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channel. Channel-related drifts are nearly always underlain by a prominent
erosional surface, displaying intense scouring and erosional truncation. (6)
Confined Drifts are deposited within basins and troughs which are typically
subsiding or experiencing some type of tectonism. Confined drifts usually
have moat structures along their boundaries. The morphology of confined
drifts most resembles elongated mounded drifts both possessing a mounded,
lenticular geometry. Lastly, (7) Mixed Drift systems result from a
combination of contourite deposition and one or more other depositional
processes. The along-slope depositional processes forming contourites may
intermittently be influenced by down-slope processes such as turbidites and
mass transport deposits. Pelagic and hemi-pelagic sedimentation may also
be in integrated with contourite deposition resulting in a Mixed Drift deposit
with muted morphological features (Faugѐres et al., 1999; Rebesco and
Stow, 2001; Faugѐres and Stow, 2008).
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Appendix 3
Permissions for previously published figures


Figure 4 has been reproduced with permission from the editor.
Source: Denne, R. A., & Blanchard, R. H. (2013). Regional controls on the
formation of the ancestral DeSoto Canyon by the Chicxulub impact: Gulf
Coast Association of Geological Societies Journal, v. 2.
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Figure 35 has been reproduced with permission from Springer.
Source: Brackenridge, R., Stow, D. A., & Hernández-Molina, F. J. (2011).
Contourites within a deep-water sequence stratigraphic framework. GeoMarine Letters, 31(5-6), 343-360.
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Figure 36 has been reproduced with permission from Elsevier.
Source: Gardulski, A. F., Gowen, M. H., Milsark, A., Weiterman, S. D., Wise,
S. W., & Mullins, H. T. (1991). Evolution of a deep-water carbonate platform:
Upper Cretaceous to Pleistocene sedimentary environments on the west
Florida margin. Marine geology, 101(1), 163-179.
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Figure 38 has been reproduced with permission from Wiley.
Source: Oey, L. Y., Ezer, T., & Lee, H. C. (2005). Loop Current, rings and
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Figure 39
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Figure 42 - Permission through fair usage
Source: Mullins, H. T., Gardulski, A. F., Wise, S. W., & Applegate, J. (1987).
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Figure 47
Source: Rebesco, M., Hernández-Molina, F. J., Van Rooij, D., & Wåhlin, A.
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Figure A1
Source: Rebesco, M., Hernández-Molina, F. J., Van Rooij, D., & Wåhlin, A.
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